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PREFACE. 


This  essay  is  slightly  condensed  from 
the  Lectures  of  Prof.  Corfield,  delivered 
before  the  School  of  Military  Engineer- 
ing, Chatham,  England. 

The  rapidly  increasing  importance  of 
the  subject  demanded  the  republication 
in  this  country  of  whatever  was  original 
in  England,  by  so  eminent  an  authority. 
The  Lectures  first  appeared  here  in  the 
pages  of  Van  Nostrand's  Magazine,  from 
which  this  little  book  is  carefully  re- 
printed. 


SEWERAGE 

AND 

SEWAGE  UTILIZATION. 


THE  water  is  brought  into  the  town  to 
be  soiled,  and  it  must  be  removed  ;  and 
besides  this  dirty  water  which  has  to  be 
removed,  there  is  the  surface  water,  and 
the  subsoil  water  that  have  to  be  re- 
moved also  ;  together  with  a  quantity  of 
refuse  of  all  sorts,  with  various  impuri- 
ties from  manufactories,  from  slaughter- 
houses, from  animal  sheds,  together  with 
slops  from  private  houses,  and  so  on. 
This  impure  water  is  carried  away  from 
towns  by  means  of  pipes,  known  as  sew- 
ers, and  I  want  at  once  to  explain  to  you 
in  a  few  words,  the  difference  that  is  to 
be  kept  in  sight  between  a  sewer  and  a 
drain.  A  sewer  is  a  pipe  for  removing 
impure  water,  water  that  has  been 
fouled  ;  a  drain,  as  Mr.  Bailey  Denton 
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in  :i  letter  to  the  Times,  is  meant  to 
take  the  wetness  out  of  soil  ;  it  is  meant 
to  dry  the  soil  —  it  is  not  meant  to  carry 
away  impure  water. 

As  these  sewers  are  to  ca*ry  away  im- 
pure water,  it  is  perfectly  plain  they 
must  be  impervious  to  water,  or  they 
may,  on  certain  occasions,  let  it  leak 
out  into  the  subsoil  of  the  town  under- 
neath the  houses,  and  also  into  the  wells, 
if  there  are  any.  If  they  are  impervious, 
the  water  of  the  soil,  the  subsoil  water 
at  any  rate,  won't  get  into  them  and  so 
they  will  not  act  as  drains.  Now  you 
will  see  directly  why  it  is  necessary  to 
drain  the  subsoil  underneath  the  streets 
and  houses.  That  it  is  necessary  I  can 
show  you  in  a  half  a  minute. 

It  has  been  perfectly  clearly  shown 
by  Dr.  Buchanan,  from  statistics  of  the 
dealh-rate  of  certain  towns  that  have 
been  sewered,  that  in  those  towns  which 
have  had  sewers  so  constructed  that  the 
subsoil  water  of  the  town  has  been 
lowered,  the  death-rate  from  consump- 
tion has  increased  in  a  most  extraordi- 


nary  manner.  In  the  case  of  certain 
towns  the  death-rate  from  consumption 
has  been  reduced  by  half  the  total  num- 
ber of  deaths,  by  50  per  cent,  by  the 
lowering  of  the  subsoil  water  consequent 
upon  sewering  the  town  as  it  is  called. 
But  these  sewers  were  so  constructed 
that  they  acted  as  drains  as  well. 
Towns  which  have  been  sewered  with 
impervious  pipes  throughout,  so  that  no 
reduction  of  the  subsoil  water  had  been 
effected  have  shown  no  decrease  in  the 
death  rate  from  consumption,  and  some 
have  shown  an  increase.  So  that  shows 
you  that  it  is  necessary  to  drain  the  sub- 
soil. 

Then  from  the  incompatibility  of  hav- 
ing pipes  which  both  drain  the  subsoil 
and  are  impervious,  so  as  not  to  allow  of 
the  sewage  to  escape  from  them,  it  has 
been  suggested  to  have  two  systems — to 
have  drains  and  sewers.  Mr.  Menzies 
has  been  the  great  advocate  of  having 
what  is  called  the  separate  system.  His 
plan  was  to  have  deep  sewers,  pipe  sew- 
ers, which  are  impervious,  and  then 


ratlin-  superficial  drains  to  carry  off  the 
flood  waters.  This  plan  would  not  pro- 
vide for  actually  draining  the  subsoil 
unless  some  special  provision  were  made 
for  it.  The  usual  plan  that  is  practised 
is  to  build  sewers  large  enough  to  con- 
tain all  the  drainage  water  and  any 
reasonable  amount  of  storm  water  that 
m:iy  fall  upon  the  land  which  is  sewered, 
but  it  is  perfectly  ridiculous  to  use  them 
for  intercepting  natural  watercourses,  as 
is  done  in  so  many  cases. 

Some  sewers  in  the  South  of  London 
actually  collect  water  from  natural 
\\  ati-rcourses  which  ought  to  be  allowed 
to  run  straight  into  the  Thames.  The 
argument  for  admitting  this  extra 
amount  of  water  into  sewers  is  that  they 
will  be  kept  cleaner,  and  that  they  will 
flush  themselves  naturally,  as  it  were. 
But  against  this  is  to  be  placed  the  diffi- 
culty of  dealing  with  the  increased 
amount  of  water  at  the  outfall.  I  may 
speak  to  you  of  that,  however,  bye  and 
bye. 

Now  for  laying  main  sewers  you  must 
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have  accurate  plans  of  the  places,  with 
the  levels  of  the  surface  along  the  roads 
and  the  streets,  and  the  levels  of  the 
deepest  cellars,  so  that  the  sewer  of  the 
street  may  always  be  below  the  level  of 
the  lowest  cellars.  You  must  also  know 
the  levels  of  high  and  low  tides,  if  near 
to  the  sea.  The  general  plan,  according 
to  Mr.  Rawlinson,  ought  to  be  made  on 
a  scale  of  two  feet  to  a  mile,  and  the  de- 
tailed plan  on  one  of  ten  feet  to  a  mile. 
I  am  now  going  to  refer  you  to  an 
important  discussion  that  took  place  be- 
fore the  Institution. of  Civil  Engineers  in 
1862  and  1863.  You  will  find  it  in  Vol. 
,22  of  the  Proceedings  of  the  institution 
of  Civil  Engineers.  I  shall  have  to  refer 
to  this  discussion  several  times.  The 
first  point  to  be  attended  to  in  laying 
out  main  sewers  is  that  they  shall  be 
straight  from  point  to  point.  There  is 
no  reason  that  they  should  follow  ex- 
actly the  middle  of  the  streets  where 
they  are  not  straight,  but  they  should 
be  made  straight  from  one  point  to  the 
next.  The  curves  should  be  gentle,  not 
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greater  than  22£  degrees,  for  instance. 
The  junctions  should  be,  as  in  the  case 
of  the  main  water  pipes,  curved.  Ran- 
kine  tells  us  that  main  sewers  should  not 
be  less  than  two  feet  broad,  and  that 
the  velocity  in  them  should  not  be  less 
than  one  foot  in  a  second,  for  fear  of 
choking  up,  nor  greater  than  four  feet 
and  a  half  in  a  second,  because  with  a 
greater  velocity  than  this  you  have  too 
much  scouring.  The  usual  plan,  then, 
is  to  make  these  drain  sewers,  as  I  call 
them,  sewers  which  are  capable  to  a  cer- 
tain extent  of  acting  as  drains  also. 
That  end  is  often  realized  by  setting 
the  bricks  of  the  invert,  as  it  is  termed, 
in  cement,  and  setting  the  others  with 
mortar.  The  bricks  of  sewers  ought  al- 
ways to  be  set  in  hydraulic  mortar  or 
in  cement.  These  drain  sewers,  I  should 
tell  you,  are  on  the  plan  of  the  oldest 
sewer  we  know  of,  namely  the  Cloaca 
Maxima  in  Rome.  That  Cloaca  Maxima 
was  not  constructed  as  a  sewer  :  it  was 
originally  a  drain.  A  great  deal  of 
blame  has  been  thrown  upon  the  Romans 
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because  the  Cloaca  Maxima  was  not 
made  impervious  ;  but  we  must  remem- 
ber it  was  originally  constructed  as  a 
drain.  It  was  formed  to  drain  off  the 
water  about  the  Forum,  and  it  did 
so,  and  does  so  to  this  day.  It  only 
came  afterwards  to  be  used  as  a  sewer, 
that  is  to  say,  to  have  refuse  matter 
thrown  into  it,  and  that  is  no  doubt  how 
we  have  got  our  system  of  drain  sewers, 
and  there  is  no  doubt  that  the  sewers  in 
many  towns  in  England  were  originally 
built  as  drains. 

The  first  thing  to  mention  is  the 
trench.  Mr.  Rawlinson  tells  us,  in  a 
paper  that  I  have  already  quoted  to  you, 
and  which  is  entitled  "  Suggestions  as  to 
plans  for  main  sewerage  and  drainage," 
that  the  most  difficult  earth  to  deal  with 
is  quicksand,  and  as  a  rule  it  should  only 
be  opened  in  short  lengths.  The  trench 
may  require  to  be  close  timbered  ;  and 
in  all  cases  the  greatest  care  should  be 
exercised  in  taking  the  timbers  from  the 
sides  of  the  trenches  so  that  none  of  the 
side  earth  may  fall  down  upon  the  sew- 
ers. 
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With  regard  to  the  depth  of  the 
trenches,  of  course  this  must  vary  very 
much  in  different  places.  The  only  con- 
dition is  that  they  require  to  be  pla<-.  d 
deep  enough  to  drain  all  the  cellars.  I 
may  mention,  as  an  example,  that  at 
Stratford-on-Avon  the  sewers  are  con- 
structed from  16  feet  deep  down  to  4  or 
5  feet  in  many  other  parts.  At  IJuirl'.v 
they  average  11  feet  in  depth,  but  they 
vary  from  7  to  25  feet.  One  of  those 
papers  that  I  quoted  to  you  from  the 
Proceedings  of  the  Institution  of  Civil 
Engineers  (Vol.  xxii.,  p.  '-'G5),  says,  that 
the  average  depth  is  12  feet,  but  that 
the  depths  vary  much.  Tunneling  rnay 
be  required,  as  practise.  1  now  in  the 
large  outfall  sewer  being  constructed  at 
Brighton.  Tunneling,  however,  ^liould 
never  be  resorted  to  when  it  can  l»e 
helped,  because  much  better  supervision 
can  be  exercised  over  the  construction 
of  a  sewer  when  you  have  a  trench  than 
if  you  have  a  tunnel.  This  is  perfectly 
clear,  and  also  for  the  same  reason, 
night  work  should  not  be  encouraged  : 
the  men  should  work  in  the  day  time. 
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Now  as  to  the  incline.  The  incline, 
we  are  generally  told,  should  not  be  less 
than  1  in  600.  Sometimes,  of  course, 
that  cannot  be  got.  The  incline  must 
vary  very  much  with  the  natural  incline 
of  the  soil.  If  possible,  you  should 
have  it  about  1  in  600  in  mains,  and  a 
greater  incline  in  the  smaller  sewers,  and 
the  greatest  incline  in  the  house  sewers. 
The  incline  of  the  pipe-sewers  that  come 
from  the  houses  should  not  be  less  than 
1  in  60.  Where  sewers  are  joined  the 
incline  should  be  greater.  Where  a 
small  sewer  enters  into  a  large  one  there 
should  be  a  quicker  incline  for  some  little 
distance. 

Another  point  is  this — that  a  larger 
sewer  should  never  open  into  a  smaller 
one  ;  neither  should  a  sewer  open  into 
one  of  the  same  size,  but  always  a  small- 
er one  into  a  larger  one.  The  inverts 
should  not  be  level.  The  invert  of  a 
smaller  one  should  be  higher  up  than 
that  of  the  larger  one,  so  that  there  may 
be  a  fall.  "Main  sewers  and  drains 
should  be  adapted,"  as  Mr.  Rawlinson 
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says,  "to  the  town  aiva,  length  of  sti 
number  of  houses,  surface  area  of  house 
yards  and  roofs,  number  of  street  gullies, 
and  volume  of  water  supply." 

With  regard  to  the  size  and  shape  of 
the  main  sewers.  The  size  is,  of  course, 
very  variable  indeed.  I  told  you  that 
Professor  Kankine  said  they  should  not 
be  less  than  2  feet  broad.  They  are 
often  made  less  than  two  feet  broad. 
Perhaps  the  best  thing  is  to  give  you  an 
example.  It  is  taken  from  a  discussion 
in  the  volume  of  the  Proceedings  of  the 
Institution  of  Civil  Engineers,  which  I 
referred  to  a  few  moments  back.  Mr. 
Newton  said  that  "In  purely  urban  dis- 
tricts a  rainfall  of  one  inch  in  half  an 
hour  ought  to  be  provided  for  ;  thus,  on 
the  29th  July,  1857,  he  registered  at 
Preston  three  quarters  of  an  inch  of  rain 
in  35  minutes,  and  on  the  8th  October, 
1861,  nearly  the  same  depth  in  30  min- 
utes. On  the  latter  occasion  an  egg- 
shaped  brick  sewer,  4  feet  9  inches  high 
by  3  feet  2  inches  wide,  and  300  yards 
in  length,  with  a  fall  of  1  in  156,  carried 
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away  this  water  from  a  closely  built  and 
densely  populated  district  containing  117 
acres.  In  another  part  of  the  town, 
which  was  also  built  upon,  and  which 
contained  85  acres,  a  sewer  3  feet  6  inches 
high  by  2  feet  4  inches  wide,  with  a  fall 
of  1  in  75,  carried  off  these  storms  with- 
out causing  any  damage,  and  without 
the  water  rising  in  the  cellars,  which 
were  generally  from  1  foot  to  2  feet  be- 
low the  soffit  of  the  arches.  In  both 
cases,  however,  the  sewers  were  under 
pressure,  and  on  the  first  occasion  the 
water  rose  18  inches,  and  in  the  other 
case  1  foot,  in  the  man-hole  shafts.'* 
(Vol.  xxii.,  p.  295.) 

"  The  London  main  sewers  vary  from 
4  feet  in  diameter,  to  9  feet  6  inches  by 
12  feet  in  some  cases.  The  three  north- 
ern outfall  sewers  are  each  9  feet  by  9 
feet  with  vertical  sides,  the  southern  out- 
fall sewer  11  feet  6  inches  in  diameter." 
It  is  a  good  plan  to  make  what  are  called 
intercepting  sewers  if  there  are  consider- 
ably different  levels  in  the  town,  or  if 
the  sewage  has  to  be  pumped  at  the  out- 
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fall.  This  you  know  is  done  with  the 
sewage  of  London  on  both  sides  of  the 
rivi-r.  There  are  two  intercepting  sew- 
ers in  the  south  of  London,  and  the  sew- 
age runs  by  gravitation,  in  the  high  level 
sewer,  right  away  to  the  outfall  at  Cross- 
ness, and  by  the  southern  sewer,  it  runs 
also  by  gravitation,  as  far  as  Greenwich, 
where  it  is  all  pumped  up  into  the  out- 
fall sewer,  and  then  runs  away  to  Cross- 
ness, where  it  is  all  pumped  up  into  the 
Thames. 

On  the  north  side  of  London,  there 
are  three,  and  the  sewage  of  the  two 
lower  ones  is  pumped  up  into  the  highest 
at  Abbey  Mills,  and  thence  flows  on  to 
the  outfall  at  Barking  Creek. 

Now  for  the  shape.  The  best  shape 
has  been  decided  to  be  the  egg  shaped 
section.  There  are  plenty  of  shapes  in 
use.  The  rectangular  section  is  evident- 
ly bad.  The  amount  of  friction  is  very 
great  and  likewise  such  sewers  become 
choked  up  with  deposit.  A  flat  top  has 
been  used,  but  it  is  obviously  bad.  It  is 
not  so  strong  ;  and  even  the  Romans,  as 
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in  the  Cloaca  Maxima,  used  an  arch. 
The  best  shape  is  an  oval  section  with 
the  smaller  end  downwards.  Another 
advantage  of  this  is  that  there  is  a  sav- 
ing of  a  material.  Sewers  less  than  2 
feet  in  diameter  are  better  made  circu- 
lar. There  was,  for  a  long  time,  a  dis- 
pute as  to  the  different  advantages  of 
brick  and  pipe  sewers.  You  will  find  in 
the  1  -2th  Vol.  of  the  Proceedings  of  the 
Institution  of  Civil  Engineers  a  paper,  a 
very  important  paper,  by  Mr.  Rawlinson, 
in  which  he  supported  very  strongly  the 
use  of  pipes.  You  will  find  that  there 
was  a  great  deal  of  dispute  as  to  their 
efficacy.  Mr.  Rawlinson  laid  down  three 
propositions  that  he  thought  should  be 
borne  in  mind  in  laying  out  the  sewerage 
of  a  town.  In  the  first  place,  the  sewers 
cannot  receive  the  excessive  flood  water 
even  of  the  urban  portion  of  the  site. 
That  is  perfectly  true ;  they  have  in 
certain  places  been  made  large  enough 
to  do  that.  In  the  second  place,  accord- 
ing to  Mr.  Rawlinson,  they  ought  not  to 
be  combined  with  the  natural  water- 
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courses  which  drain  large  areas  of  the 
suburban  land  previous  to  entering  the 
urban  portion.  No  doubt  sewers  are 
frequently  combined  with  watercourses 
which  ought  to  go  directly  into  the  riv- 
ers. In  the  third  place,  they  should  be 
adapted  exclusively  to  carry  the  liquid 
and  solid  refuse  from  the  houses  in  such 
a  manner  as  to  cause  the  least  possible 
nuisance  to  the  inhabitants.  These  con- 
clusions were  then  very  much  disputed, 
as  also  was  the  conclusion  that  sewers 
should  be  as  small  as  possible  and  im- 
pervious.— The  opponents,  no  doubt,  who 
disputed  these  statements,  did  so  from 
the  fact  that  they  did  not  sufficiently  ap- 
preciate the  antagonism  that  exists  be- 
tween sewers  and  drains.  Mr.  Kobert 
Stephenson,  on  that  occasion,  expi 
his  "conviction  that  for  certain  localities. 
if  pipe-drains  were  sufficiently  strong  to 
resist  fracture,  and  sufficiently  large  to 
avoid  being  choked  up,  they  might  be 
advantageously  employed  to  form  the 
connections  of  houses,  courts,  and  other 
small  localities,  with  the  main  sewers, 
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which  should  be  constructed  of  brick,  of 
such  dimensions  as  to  admit  of  easy  in- 
ternal inspection  and  repair,  and  be  of 
form  (except  where  the  flow  of  water  was 
at  all  times  considerable)  that  the  radius 
of  the  curved  bottom  should  be  able  to 
gather  a  small  supply  of  water  into  a 
sectional   area   affording   the   same    hy- 
draulic mean  depth  as  in  a  pipe -drain  of 
a  diameter  merely  adapted  to  discharge 
the  minimum  flow."     So  that  after  all 
this  discussion  the  result  which  was  come 
to   was   this :    that   impervious   pipes — 
glazed  earthenware  pipes — were,  on  the 
whole,  the  best  for  house  drains,  small 
streets,  courts  and  places  of  that  sort, 
but  that  they  were  not  advantageously 
to  be  used  over  12, 15,  or  at  the  most  18 
inches   in   diameter.      Certainly,    when 
above  18  inches  in  diameter,  it  is  cheap- 
er to  make  a  brick  sewer  of  oval  section 
than  to  lay  pipes. 

In  very  wet  soil,  Mr.  Rawlinson  has 
used  iron  inverts  to  prevent  the  subsoil 
water  coming  into  the  sewer  and  keep- 
ing it  continually  full  up  to  a  certain 
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height.  Mr.  Simpson  has  described  iron 
pipes  to  be  used  for  sewers  where  there 
are  bad  foundations,  as  in  running  sand  ; 
then-  is  a  plan  for  preventing  subsoil 
wattT  from  getting  into  scwrrs  without 
using  cast-iron  pipes,  which  is  described 
by  Messrs,  Keidand  Goddison,  of  Liver- 
pool, in  the  Uritish  Association  Report 
for  1870.  They  have  introduced  a  sub- 
soil drain  and  pipe  rest  to  be  placed  be- 
neath the  pipes.  It  has  got  a  section 
like  the  letter  D.  Q  The  pipe  sewer 
is  laid  upon  it,  and  it  acts  as  a  drain  to 
keep  the  subsoil  water  below  the  sewer. 
With  regard  to  the  outfalls — the  out- 
falls ought,  if  possible,  to  be  quite  free. 
The  first  thing  that  you  have  to  do  is  to 
choose  the  best  place  for  the  outfall. 
For  that  there  are  no  general  rules 
whatever,  and  you  must  be  guided  en- 
tirely by  the  nature  of  the  locality. 
Most  sewers  having  been  originally  con- 
structed as  drains,  it  is  perfectly  plain 
that  their  only  outfall  is  into  the  sea  or 
into  a  river,  and  so  most  of  the  outfalls 
are  built  into  the  sea  or  into  rivers,  and 
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the  sewage  is  thrown  away.  We  shall 
in  the  next  lectures  consider  some  other 
methods  of  dealing  with  sewage. 

If  possible  the  outlet  should  be  free. 
If  it  cannot  be  free  there  must  be  some 
means  adopted  for  preventing  the  sew- 
age getting  backed  up  in  the  sewers, 
especially  when  the  rivers  are  high,  or 
at  high  tide  in  the  sea.  If  the  sewage  is 
allowed  to  get  back  in  the  sewers  you 
may  get  the  cellars  flooded,  and  you 
will  certainly  get  sewer  air  forced  up 
into  the  town.  One  way  of  preventing 
this  is  by  causing  the  outfall  to  open 
into  a  large  tank  out  of  which  the  sew- 
age is  continually  pumped.  Another 
plan  is  simply  to  have  a  flap  to  the 
mouth  of  the  sewer — a  flap  which  shuts 
and  keeps  it  full  of  sewage.  In  that 
case  the  outfall  has  to  be  made  large 
enough  to  contain  an  enormous  quantity 
of  sewage.  Then  it  should  certainly  not 
be  taken — that  is  if  you  drain  into  a 
river — into  a  river  near  the  town,  and 
certainly  not  above  one.  The  better 
method  is  perhaps  to  have  a  large  tank, 
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if  the  outfall  sewer  must  be  below  the 
surface  of  the  water.  Where  you  have 
rivers  with  considerable  difference  in  the 
level,  a  plan  has  been  adopted  for  dis- 
charging the  sewage  in  summer  when 
the  river  is  very  low  by  means  of  a  sub- 
sidiary pipe.  This  cast-iron  pipe  is 
taken  at  a  lower  level  into  the  river. 
There  is  a  valve  capable  of  being  raised 
by  a  windlass,  which  valve  prevents  the 
sewage  coming  out  by  the  main  outfall. 
The  ordinary  sewage  of  the  town  can 
then  run  away  by  this  cast-iron  pipe, 
and  get  off  into  the  river  at  a  lower 
level.  This  plan  has  been  put  into 
operation  at  Windsor  by  Mr.  Rawlinson; 
so  that  the  ordinary  amount  of  sewage 
need  not  run  out  by  the  main  outfall 
high  up  when  the  river  is  low,  in  which 
case  it  would  run  down  the  banks  caus- 
ing a  nuisance.  When  there  is  an  enor- 
mous amount  of  sewage  and  a  flood  in 
the  river,  and  of  course  the  river  is  high, 
then  it  is  allowed  to  come  out  by  the 
main  outfall.  When  there  are  steep 
gradients  in  sewers  there  ought  to  be 
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steps   made,   and    flaps   placed    at   the 
upper  parts,  and  at  such  places  also  there 
ought  to  be  ventilators.     Ventilators  are 
best  constructed  to  open  at  the  level  of 
the  street,  and  are  best  made  in  connec- 
tion with  man-holes.     In  the  first  place 
I  ought  to  tell  you  that  it  is  absolutely 
necessary  to  ventilate  sewers.     It  is  per- 
fectly certain  that  a  certain  amount  of 
sewer  air,  as  it  is  called,  is  contained  in 
all  sewers,  and  is  given  out  from  sewers, 
and  is  given  out  from  sewage  whether 
there  is  much  stagnation  or  not.     Where 
there  is  great   stagnation   the   more  is 
evolved.      The  strongest  argument  for 
ventilating  sewers  is  the  argument  used 
by  those  who  say   they  should   not  be 
ventilated.     They  say  they  should  not 
be    ventilated     because    they     can    be 
securely  trapped,  and  the  small  amount 
of  gas  that  does  accumulate  in  them  can 
be    prevented    from    coming    into   the 
houses.     Now  this  fact  that  sewers  need 
to  be  trapped  is  the  best  argument  to 
show  that  it  is  neccessary  to  ventilate 
them.     I  should  tell  you  that  all  water 
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traps  arc,  essentially,  bemN  in  pipes 
which  will  hold  water.  Water  traps 
are  of  very  little  use  against  sewer  air. 
I  do  not  moan  to  say  that  the  air  will 
often  actually  force  them,  though  it  will 
do  that  sometimes  ;  but  what  I  mean  i- 
that  most  of  the  dangerous  elements 
which  are  the  constituents  of  sewer  air 
are  soluble  in  water  and  are  evaporated 
and  given  out,  so  that  it  is  very  little 
use  to  rely  on  water  traps,  especially  if 
they  are  placed  under  pressure.  There- 
fore ventilation  must  be  provided. 

Now  this  ventilation  has  been  carried 
out  in  very  various  ways.  The  simplest 
way,  of  course,  is  to  allow  a  certain 
number  of  the  openings  into  the  sewers 
in  the  streets  to  be  untrapped,  and  then 
the  sewer  air  escapes  into  the  streets. 

That  was  the  plan  condemned  some 
years  ago,  because  it  allowed  the  sewer 
air  to  come  out  straight  into  the  streets, 
and  to  become  disagreeable  to  persons 
walking.  That  plan,  however,  is  cer- 
tainly very  much  better  than  letting  it 
remain  in  the  sewers,  from  which  it  will 
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get  into  the  houses,  as  it  is  certain  to  do, 
through  weak  points. 

Another  plan  was  to  have  special  ven- 
tilating pipes  carried  up  to  the  top  of 
high  buildings.  These  are  very  well  in 
their  way,  but  they  are  certainly  not 
sufficient.  Sometimes  at  the  top  of  these 
pipes,  Archimedean  screws  have  been 
placed.  At  Liverpool  an  enormous  quan- 
tity of  these  Archimedean  screws  have 
been  placed  at  the  top  of  such  pipes,  and 
more  are  now  being  placed.  But  I  must 
tell  you  with  regard  to  these  that  Drs. 
Parkes  and  Burdon  Sanderson,  in  their 
Report  lately  on  the  Sanitary  Condition 
of  Liverpool,  made  experiments,  and 
found  that  these  Archimedean  screws 
altered  the  pressure  of  the  air  in  the 
sewers  to  a  very  trifling  extent,  so  that 
they  did  not  seem  to  be  of  any  great 
value. 

Another  plan  is  to  connect  the  rain- 
water pipes  with  the  sewers  directly,  or 
at  least  some  of  them,  and  to  leave  them 
untrapped.  If  you  do  this,  it  is  neces- 
sary that  rain  water  pipes  should  be 
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thoroughly  well  constructed  and  well 
jointed,  or  else  air  will  escape  into  the 
neighborhood  of  the  houses.  But  the 
best  plan  of  all  is  to  have  plenty  of 
openings  into  the  main  sewer  directly 
over  it,  and  to  have  special  ventilating 
openings  connected  with  the  man  holes 
along  each  sewer  at  certain  intervals,  in 
the  middle  of  the  streets.  You  must 
have  man  holes,  and  where  a  sewer 
makes  a  bend  there  ought  to  be  a  man 
hole  ;  and  there  likewise  there  ought  to 
be  a  ventilating  shaft,  and  also  at  every 
one  of  the  steps  which  I  formerly  men- 
tioned to  you.  Where  you  have  a  steep 
incline  you  should  have  a  step  and  a  fall, 
and  there,  there  ought  to  be  a  flap  and 
a  ventilation  shaft  provided  with  char- 
coal trays. 

There  are  two  or  three  ways  of  doing 
this,  one  is  to  have  a  ventilating  shaft  at 
the  side  of  the  man  hole.  The  air  that 
comes  up  the  man  hole  passes  into  the 
ventilating  shaft  and  through  the  char- 
coal and  out  into  the  street,  and  the  air 
is  deodorized  by  passing  through  the 
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charcoal.  That  is  one  way.  The  dust 
and  dirt  which  will  collect  at  the  bottom 
of  the  shaft  can  be  easily  removed 
through  the  man  hole.  Another  plan  is 
to  suspend  charcoal  trays  at  intervals  in 
the  man  hole  itself,  and  then  to  have  an 
opening  through  which  the  deodorized 
gas  goes.  If  you  have  plenty  of  these 
openings  along  the  sewers  into  the  streets 
there  will  not  be  much  nuisance.  Then 
besides  ventilation,  sewers  generally  re- 
quire flushing,  or  at  any  rate  cleaning 
out.  A  deposit  occurs  in  certain  parts. 
Now  the  old  plan  used  to  be  to  make  all 
main  sewers  so  that  a  man  could  go 
through  them.  That  plan  is  not  now 
employed,  because  flushing  has  been 
adopted  instead  of  cleansing  out  by  hand 
labor,  that  is  to  say  to  a  very  consider- 
able extent.  Flushing  is  performed 
either  by  stopping  the  sewage  at  certain 
places  and  so  giving  it  a  higher  head, 
which  is  the  plan  often  adopted,  or  by 
having  some  special  reservoirs  of  water 
(collected  for  the  purpose)  at  the  higher 
parts  of  the  sewers  which  can  be  allow- 
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ed  to  rush  down  them  ;  or  again,  by 
making  arrangements  with  the  water 
companies  for  the  supply  of  a  sufficient 
amount  of  water  to  flush  them  continu- 
ally. And  they  should  be  flushed  regu- 
larly, or  deposit  is  sure  to  occur.  The 
Paris  plan  of  flushing  the  sewers  is  in- 
teresting. You  know  they  have  in  Paris 
enormous  subways  under  the  streets,  and 
the  sewer  runs  along  at  the  bottom  of 
the  subway.  This  subway  has  a  rail  on 
each  side  of  it,  and  they  flush  the  sewer 
in  this  way  :  a  wagon  is  run  along  these 
rails,  and  there  is  a  flap  which  descends 
from  the  wagon  into  the  sewage  below. 
The  force  of  the  sewage  pushes  this  flap 
on,  and  carries  the  wagon  on  too,  and 
the  flap  of  course  displaces  everything 
before  it.  A  certain  amount  of  space  is 
left  beside  the  flap,  so  that  the  sewage 
rushes  past  this,  and  it  in  fact  chases 
everything  before  it  that  stands  in  its 
way,  so  far  as  deposit  is  concerned.  Of 
course  the  expense  of  flushing  sewers 
with  water  is  very  much  less  than  that 
of  cleansing  them  by  hand  labor.  I 
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could  give  you  some  instances  of  the 
amounts  of  the  cost  in  each  instance,  but 
I  do  not  know  that  it  is  necessary. 

We  have  now  followed  the  course  of 
water  from  the  place  where  it  is  collect- 
ed into  the  town,  and  we  have  also  des- 
cribed sewers.  I  began  by  describing 
to  you  the  outfalls,  because  that  is  the 
natural  way  of  proceeding,  not  because 
the  water  followed  that  course,  but  be- 
cause, before  you  have  small  drains  and 
sewers  in  a  town,  you  want  the  outfall 
and  the  main  sewers. 

I  have  now  before  I  go  any  further  a 
few  more  points  to  tell  you  with  regard 
to  the  house  sewers,  or  house  drains,  as 
they  are  generally  called.  In  the  first 
place,  I  have  already  told  you  that  the 
fall  of  the  house  drains  should  not  be 
less  than  1  in  60.  Then,  the  next  point 
is  that  house  drains  ought  not  to  run 
underneath  the  basements  of  houses. 
They  generally  do  so,  as  you  know  per- 
fectly well.  If  they  do  they  ought  to 
be  made  of  impervious  pipes  laid  in  con- 
crete. The  next  point  is  that  they  ought 


30 


invariably  to  be  ventilated.  If  the  water 
closet  system  is  used  perhaps  the  best 
way  of  ventilating  them  is  to  allow  the 
pipe  which  comes  from  the  closets — the 
soil  pipe — provided  it  descends  outside 
the  house,  as  it  always  should,  to  be  un- 
trapped  at  the  bottom,  and  to  be  open 
at  the  top,  so  that  the  air  from  the  house 
sewer  finds  exit  into  the  open  air  con- 
tinually. If  the  water  closet  plan  is  not 
adopted  there  ought  to  be  one  or  more 
special  pipes  for  ventilating  the  drain 
carried  up  to  the  highest  point.  Or, 
again,  some  of  the  rain  water  pipes  can 
be  left  untrapped  ;  but  this  is  not  so 
good  a  plan.  If  the  soil  pipe  be  in>i<le 
the  house  it  should  be  trapped  at  the 
bottom  and  ventilated  at  the  top,  and 
then  a  special  ventilating  pipe  must  be 
provided  for  the  sewer.  Another  plan, 
an  excellent  one,  in  addition  to  this,  if 
the  house  drain  be  long  enough,  is  to  cut 
it  off — to  make  a  break  in  it,  as  it  were — 
before  entering  the  main  sewer,  and  that 
is  done  by  making  it  discharge  into  a 
ventilating  shaft.  There  is  a  swim:  flap 
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on  the  end  of  the  house  drain  in  the 
shaft,  which  is  shut  except  when  the 
water  is  running.  The  air  which  comes 
up  from  the  street  sewer  into  the  shaft 
cannot  pass  up  the  house  drain,  but 
ascends  through  trays  of  charcoal,  and 
finds  its  way  out  into  the  open  air 
through  openings  which  are  left  between 
the  bricks  at  the  top  of  the  shaft.  The 
whole  thing  is  covered  with  a  stone  slab, 
just  above  the  level  of  the  ground.  If 
you  want  additional  security  you  can 
place  a  syphon  between  the  ventilating 
shaft  and  the  street  sewer. 

Now  if  a  trap  is  placed  in  the  cellars, 
or  basement  of  a  house  communicating 
with  the  drain,  a  precaution  has  to  be 
taken,  if  there  is  any  chance  of  the  sew- 
age backing  up.  In  that  case  a  trap  has 
to  be  placed  which  will  prevent  sewage 
from  flooding  the  basement.  This  is 
done  by  means  of  a  heavy  flap  trap. 

The  common  traps  used  for  yards,  and 
even  for  back  kitchens,  and  so  on,  are 
what  are  called  bell  traps.  They  are 
about  the  worst  kind  of  things  that 
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could  be  devised,  and  that  is  why  I  men- 
tion them.  The  bell  trap  merely  consists 
of  a  sort  of  inverted  tumbler  placed  over 
the  head  of  the  pipe  that  leads  into  the 
drain.  The  rim  of  this  tumbler  dips 
into  a  groove,  which  is  supposed  to  be 
filled  with  water.  The  water  that  passes 
through  the  perforated  top  which  is  fixed 
on  to  the  tumbler  can  find  its  way  round 
the  edges  of  this  bell,  as  it  is  called,  and 
so  into  the  drain.  The  danger  is  this, 
that  the  instant  this  top  is  taken  off  it 
takes  the  bell  off  as  well,  and  then  sewer 
air  can  get  up  into  the  house  or  yard. 
Now  these  things  are  continually  being 
taken  off,  or  left  off,  and  therefore  that 
kind  of  trap  should  never  be  used.  The 
best  to  put  instead  of  it  is  an  earthen- 
ware syphon  trap.  The  advantage  of 
tliis  is,  that  if  the  top  is  taken  off,  as  it 
continually  is,  to  sweep  the  yard  or  base- 
ment, it  does  not  matter  at  all,  bacause 
the  top  has  nothing  to  do  with  the  trap 
itself.  With  this  syphon,  if  you  want 
to  ventilate  the  drain  at  that  particular 
point,  you  can  have  a  hole  made  at  the 
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top  of  the  bend  (some  are  made  with  a 
hole),  and  then  you  can  carry  up  a  venti- 
lating pipe  from  it.  If  you  have  two 
ventilating  pipes  you  must  carry  them 
to  different  heights,  one  not  very  high, 
and  the  other  to  a  considerable  height  ; 
but  practically  one  is  sufficient.  Another 
thing  that  you  can  do — especially  if  the 
trap  is  in  the  basement  of  the  house — 
you  can  make  any  waste  pipe  end  in  the 
side  of  it,  through  a  hole  in  the  side 
above  the  water,  and  yet  below  the 
cover,  so  that  you  do  not  get  the  place 
flooded  if  the  holes  in  the  cover  are 
stopped  up,  as  they  are  apt  sometimes  to 
be.  This  is  a  very  convenient  plan. 

Sinks  ought  always  to  be  against  ex- 
ternal walls.  They  almost  always  used 
to  be  built  (and  now  often  are)  against 
internal  walls.  Their  pipes  have  no 
more  business  to  go  straight  into  drains 
than  the  waste  pipes  of  cisterns  ;  they 
should  always  be  carried  out  into  the 
yard,  and  made  to  end  over  one  of  these 
traps,  or  else  they  should  be  carried  into 
the  side  of  it.  The  same  thing  is  true 
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of  rain  water  pipes.  Unless  rain  water 
pipes  are  constructed  with  the  view  of 
ventilating  the  sewer,  ami  are  made  with 
proper  joints,  they  ought  to  end  above 
the  traps. 

We  now  come  to  the  consideration  of 
the  disposal  of  a  particular  kind  of  re- 
fuse matter,  namely,  excretal  refuse 
matter.  I  want  first  to  prove  to  you 
that  it  is  necessary  to  get  rid  of  refuse 
matter  generally,  and  especially  so  of 
this  particular  kind  of  refuse  matter 
from  the  neighborhood  of  habitations. 
I  could  quote  to  you  from  any  number 
of  reports  showing  that  the  general 
death  rate,  and  also  the  death  rate  from 
certain  specific  diseases,  especially  ty- 
phoid fever  and  cholera,  depends  to  a 
very  great  extent  upon  the  amount  of 
filth,  and  especially  of  excretal  filth, 
that  is  in  and  about  the  habitations  of 
people. 

Take  the  following  opinion  from  the 
evidence  given  by  Mr.  Kelsey  before  the 
Health  of  Towns  Commission  (1844). 
When  asked,  "Does  the  state  of  filth  and 
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the  effluvia  caused  by  defective  sewer- 
age, by  cesspools  or  privies,  and  decom- 
posing refuse  kept  in  dust  bins,  power- 
fully affect  the  health  of  the  popula- 
tion ?  "  he  says,  "  Yes,  it  does ;  it  always 
occasions  a  state  of  depression  that  ren- 
ders persons  more  liable  to  be  acted 
upon  by  other  poisons,  even  if  it  be  not 
the  actual  cause  of  it.  The  line  of  habi- 
tations badly  cleansed,  and  in  this  con- 
dition, almost  formed  the  line  of  cholera 
cases" 

Then,  after  a  description  of  cellar 
dwellings,  which  are  even  now  preva. 
lent  in  some  of  our  large  towns— in  this 
case  referring  to  Liverpool — Dr.  Duncan 
pointed  out  that  the  ward  "where  the 
largest  proportion  (more  than  one  half) 
of  the  population  resides  in  courts  or 
cellars,  is  also  the  ward  in  which  fever 
is  most  prevalent,  1  in  27  of  the  inhabit- 
ants having  been  annually  attended  by 
dispensaries  alone ; "  and  he  remarks 
that  "  people  do  not  die  simply  because 
they  inhabit  places  called  courts  or  cel- 
lars, but  because  their  dwellings  are  so 
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constructed  as  to  prevent  proper  venti- 
lation, and  because  they  are  surrounded 
with  filth,  and  because  they  are  crowded 
together  in  such  numbers  as  to  poison 
the  air  which  they  breathe." 

Well,  then,  illness  is  caused  if  these 
refuse  matters  are  not  removed  from  the 
neighborhood  of  habitations,  and  illness 
with  all  its  attendant  misfortunes  and 
difficulties. 

Now  what  plans  have  been  adopted 
for  removing  these  matters  from  habita- 
tions ?  That  is  one  thing  to  be  consid- 
ered ;  and  another  thing  to  be  consider- 
ed is,  are  these  excretal  matters  of  any 
value;  can  anything  be  done  with  them; 
and  if  so,  how  can  the  most  be  got  out 
of  them? 

Now,  if  I  tell  you  what  their  composi- 
tion is,  you  will  see  at  once  that  they 
must  be  of  considerable  value;  and  when 
you  reflect  that  these  refuse  matters  con- 
stitute a  great  proportion  of  the  refuse 
matters  of  our  bodies,  you  will  see  at 
once  that  they  must  contain  the  same 
elements  as  our  food,  and  that  therefore 
there  is  at  any  rate  a  possibility  of  their 
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being  used  for  the  reproduction  of  food. 
Now,  what  is  their  composition?  The 
results  of  a  great  number  of  analyses, 
which  are,  however,  only  sufficiently  com- 
plete in  the  case  of  males  of  from  15  to 
50  years  of  age,  show  that  the  mean 
amounts  in  ounces  of  the  various  con- 
stituents during  24  hours  are  as  follows: 
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Now,  what  does  that  mean  V  Nitro- 
gen and  phosphates  are  the  very  tilings 
we  get  to  use  as  manures,  and  we  can 
from  this  chemical  composition  of  the 
excreta  calculate  their  relative  and  abso- 
lute value. 

In  the  first  place  I  want  to  point  out 
to  you  that  the  amount  of  valuable  mat- 
ter contained  in  the  urine  in  the  24 
hours  is  considerably  greater  than  that 
contained  in  the  faeces  in  24  hours. 
Now,  that  I  tell  you  at  once,  in 
order  that  you  may  not  run  away  with 
the  fallacy  that  is  sometimes  indulged  in 
that  you  may  throw  away  the  urine  of  a 
population  so  long  as  you  retain  the 
i'u-ces,  and  that  you  will  get  the  greatest 
amount  of  manure  from  the  latter.  On 
all  heads  the  matters  contained  in  the 
urine  are  in  larger  proportion  than  in  the 
faeces,  and  especially  as  regards  the  im- 
portant matters,  e.  #.,  the  nitrogen  is 
about  nine  times  as  much. 

To  estimate  the  value,  it  is  convenient 
to  take  amounts  that  are  passed  in  a 
year,  and  it  has  been  calculated  that  the 
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average  amount  of  ammonia — represent- 
ing the  nitrogen  in  the  form  of  ammonia 
— discharged  annually  by  one  individual, 
taking  the  average  of  both  sexes  and  of 
all  ages,  is  about  13  Ibs.,  or  nearly  that; 
and  it  has  been  estimated  that  the  money 
value  of  the  total  constituents  of  the  ex- 
creta is,  in  urine,  7s.  3d.,  and  in  fasces 
about  Is.  3d.,  giving  a  total  of  about  8s. 
6d.  a  year,  so  that  you  see  at  once  that 
the  value  of  the  urine  is  about  six  times 
as  much  as  the  value  of  the  fasces.  When 
you  consider  that  about  ten  times  more 
urine  is  passed  (by  weight)  than  faeces, 
you  see  that  faeces  are  more  valuable 
than  urine,  weight  for  weight,  although 
the  total  fa?ces  are  much  less  valuable 
than  the  total  urine.  There  is,  then,  no 
doubt  about  the  value. 

The  next  thing  is,  what  are  the  plans 
that  have  been  attempted  for  utilizing 
it?  The  earliest  plan,  and  one  that  is 
defended  by  many  up  to  the  present 
day — and  by  many,  I  was  going  to  say, 
who  ought  to  know  better — the  earliest 
plan  consists  in  keeping  the  fasces,  ami 
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a  certain  small  amount  of  urine  for  a 
longer  or  shorter  period  in  or  about  the 
]>  remises  in  some  form  or  another.  Ami 
there  are  two  ways  in  which  this  can  be 
done.  It  can  be  done,  as  it  is  in  many 
towns  even  now,  as  it  is  notably  in  many 
continental  towns,  as  Paris  and  Berlin 
ami  Vienna.  It  can  be  done  either  by 
keeping  these  matters  in  a  semi-liquid 
state,  in  tanks  or  vessels  prepared  to  re- 
ceive them,  and  emptying  these  at  cer- 
tain times  and  taking*  their  contents 
away  to  be  used  as  manure,  or  it  can  be 
done  by  mixing  these  matters  with  cer- 
tain refuse  which  will  to  some  extent  dry 
them  ;  and  some  such  refuse  is  found  in 
all  houses,  and  is,  to  wit,  ashes.  Now, 
those  are  the  two  plans  that  have  been 
adopted — I  may  almost  say  from  time 
immemorial,  at  all  events  for  a  great 
many  years — in  order  to  collect  this 
valuable  manure;  that  is  to  say,  by  those 
who  have  made  any  attempt  to  collect  it 
at  all. 

Let  us  take  the  first  plan  and  consider 
it  for  a  few  minutes — the  plan  of  digging 
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a  hole  in  the  ground  and  throwing  all 
this  refuse  matter  into  it.  When  this  is 
done,  unless  the  hole  in  the  ground  is  im- 
pervious, a  great  amount  of  this  refuse 
matter  will  percolate  into  the  soil  around, 
and  get  into  wells.  In  certain  towns 
this  has  been  actually  encouraged.  There 
are  certain  towns  where  holes  have  been 
made  to  receive  the  refuse  matters  of  the 
population  in  pervious  sandstone  strata, 
with  the  express,  distinct,  and  avowed 
object  of  letting  the  liquid  matters,  and 
as  much  as  possible  of  the  solid  matters, 
precolate  the  soil  and  get  away  as  best 
they  could.  These  dumb  wells,  as  they 
are  called,  have  been  made  and  shut  up 
with  the  deliberate  intention  of  not  be- 
ing opened  for  many  years,  and  in  certain 
places  the  soil  has  been  so  absorbent  that 
when  opened  the  wells  have  been  almost 
invariably  found  empty.  Now  that  plan 
need  only  be  stated  to  be  condemned.  In 
all  these  towns  the  well  water,  which  is 
often  the  only  supply  for  the  people,  is 
largely  polluted,  and  is  in  fact  to  a  great 
extent  supplied  by  these  very  dumb 
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wells,  which  arc  often  close  by  ;  ami  in 
almost  every  town  where  there  is  .m 
epidemic  of  typhoid  fever  you  find  an 
inspector  going  down  from  the  L«>.-al 
Government  Board,  and  reporting  that 
this  is  the  case. 

Now,  the  improvement  on  this  had 
plan,  or  want  of  plan,  in  places  where  it 
is  not  done  away  with,  is  to  line  the  ]»it< 
with  cement,  and  to  provide  a  drain  fn>m 
them  into  the  nearest  sewer.  Thus  tin- 
cistern  becomes  merely  a  pit  in  which  to 
collect  the  solid  matters,  while  you  allow 
the  liquid  matters,  which  are  the  ni<>-t 
valuable,  and  which  are  just  as  likely  to 
become  offensive,  to  run  into  the  sewer- 
You  collect  the  solid  matter  which  is  less 
valuable,  and  which  is  rendered  still  less 
valuable  by  having  much  of  its  valuable 
material  dissolved  out,  by  the  liquid  which 
is  allowed  to  run  away. 

The  other  plan  is  to  do  as  is  done  in 
Paris,  to  make  these  large  cesspools  (so 
large  that  they  take  six  months,  or  even 
a  year,  to  fill),  under  the  houses  or  under 
the  courts,  to  make  them  impervious,  and 
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not  drain  them  at  all.  Of  course  tlie 
pits  are  only  theoretically  impervious, 
but  practically  very  many  of  them  cer- 
tainly are  not  so.  But,  however,  sup- 
posing that  they  are,  they  in  any  case 
requiring  a  ventilating  shaft,  or  the  foul 
air  which  collects  in  them  will  find  its 
way  through,  somehow  or  other,  and  will 
poison  the  air  of  the  house.  Another 
danger  is,  that  if  they  are  not  ventilated, 
and  even  sometimes  if  they  are  ventilated, 
the  men  who  go  into  them  may  be  suffo- 
cated by  the  poisonous  gases  accumulated 
in  them. 

The  first  of  these  plans,  in  which  the 
liquid  matters  all  run  away,  is  confesse/i- 
ly  a  failure.  You  deliberately  take  and 
throw  away  all  the  most  valuable  part, 
and  the  part  which  remains  is  not  only 
of  no  value,  but  is  a  distinct  expense, 
because  no  one  will  take  it  away  unless 
he  is  well  paid  for  it,  so  that  there  is  a 
very  considerable  loss  on  that  system. 
And  so  the  system  cannot  be  called  one 
of  utilization.  Then,  the  disadvantage  of 
the  Paris  plan,  apart  from  the  general 
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of  having  such  a  thing  as 
:in  imnieii-e  <-<-».<ponl  underneath  each 
house,  is  found  in  tin-  emptying  of  them. 
Tliis  operation  causes  a  fearful  nui- 
r\cn  although  they  arc  now  emptied  by 
means  of  carts  in  which  a  partial  vacuum 
is  first  created,  so  that  when  the  hose  is 
attached  to  the  cart  and  placed  into  the 
pit  the  semi-liquid  stuff  rises  up  and  fills 
the  tonneau,  as  they  call  it.  And  then  I 
may  tell  you,  as  a  matter  of  fact — I  could 
give  you  the  figures — that  the  syMem 
does  not  pay;  that  the  collection  costs 
so  much  that  the  manure  made  from  the 
stuff  does  not  pay  the  cost  of  collecting. 

Let  us  consider,  now,  some  improved 
systems  in  which  this  manure  is  collected, 
mixed  with  ashes  and  household  refuse, 
nnd  sold  in  a  semi-dry  state,  because  this 
i<  a  plan  which  has  been  very  much  de- 
fended of  late.  These  plans  are  develop- 
ments of  the  old  midden — a  heap  in  the 
yard  at  the  back  of  the  house,  into  which 
all  kinds  of  refuse  were  thrown. 

The  first  improvement,  as  in  the  case 
of  the  cesspool,  was  to  make  a  kind  of 
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pit  lined  with  cement.  There  are  differ- 
ent contrivances  employed.  There  is  one 
which  is  known  as  the  Manchester  plan, 
and  another  known  as  the  Hull  plan,  and 
so  on  ;  but  in  all  the  ashes  are  thrown 
into  the  pit,  so  as  to  make  a  semi-solid 
mass. 

The  conditions  necessary  for  them  are 
these  : — In  the  first  place  they  must  re- 
ceive no  moisture  from  the  soil  around. 
In  the  second  place,  they  ought  to  allow 
no  liquid  to  escape  from  them,  because, 
if  so,  they  are  confessedly  failures.  It 
is  plain  that  the  object  of  all  these  sys- 
tems where  the  excretal  matters  are  to 
be  kept  out  of  the  sewers  must  be  to 
separate  them  entirely  from  the  sewage, 
because,  if  you  do  not,  you  have  still 
sewage  to  treat.  We  have  already  seen 
that  the  water  supply  of  the  town  goes 
into  it  to  be  soiled,  and  you  require 
sowers  to  take  it  away.  You  have  got, 
therefore,  water  which  is,  to  a  certain 
extent,  dirty.  The  theory  of  persons 
who  support  those  systems  which  I  am 
now  describing  is  that,  if  you  prevent  the 
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most  foul  part  of  the  refuse  matters  from 
getting  to  the  sewers,  you  will  not  then 
require  sewers  so  large  to  begin  with  ; 
.•UK!,  also,  that  you  will  not  require  to 
treat  the  sewage  afterwards,  but  will 
be  able  to  turn  it  into  a  river  without 
any  disadvantage.  Now,  if  these  cess- 
pools and  these  midden  closets  require  to 
drain  their  liquid  contents  into  the  sewi-rs, 
the  sewage  will  certainly  have  to  be 
treated  just  as  much  as  if  you  were  to 
allow  the  whole  of  the  refuse  matter  of 
the  town  to  get  into  the  sewers  ;  and 
that  is  proved  by  the  fact  that  the  >ew- 
age  of  towns  where  you  have  cesspools 
and  midden  pits  drained  into  the  sewers 
is  considerably  more  foul,  and  is  within 
a  very  little  of  being  as  strong,  as  the 
sewage  of  water  closeted  towns,  so  that 
it  requires  treatment  at  least  as  much  as 
the  latter  does. 

The  next  condition  with  these  midden 
heaps  is  that  they  must  secure,  practi- 
cally, as  much  dryness  of  the  conten 
possible  ;  and  then  they  require  an  effi- 
cient covering  up  of  the  refuse  matters 
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by  the  ashes  that  are  thrown  down,  and 
that  is  done  in  various  ways.  Lastly, 
they  require  ventilating. 

Now,  with  either  of  these  systems,  it 
is  desirable  to  have  the  receptacle  as 
small  as  possible  ;  it  is  desirable  for  sani- 
tary reasons,  though  not  for  economical 
ones,  to  have  the  receptacle  as  small  as 
possible,  so  that  as  little  of  these  matters 
shall  be  retained  about  the  premises  as 
possible.  The  midden  closet  used  at 
Hull  consists  of  an  impervious  receptacle, 
which  is  not  sunk  into  the  ground  at  all, 
but  is,  in  fact,  merely  the  space  directly 
under  the  seat  of  the  closet,  the  front 
board  being  movable,  so  that  the  sca- 
vengers can  get  the  stuff  when  full. 
That,  no  doubt,  is  by  far  the  best  of  these 
simple  ash  closets. 

After  this  we  pass  on  to  a  still  greater 
improvement,  to  what  you  might  call  a 
temporary  cesspool — that  is  to  say,  a 
jdmple  tub  or  box  placed  underneath  the 
seat  to  collect  the  excretal  matters,  these 
tubs  or  boxes  being  collected  every  day 
by  contractors  and  their  contents  used 
for  manure. 
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I  may  tell  you  at  once  that  tlii 
really  the  system  out  of  which  most  is 
got  in  the  way  of  profit.  There  is  n<> 
doubt  of  it  whatever.  This  is  the  system 
that  has  been  practiced  in  China  for 
thousands  of  years.  It  is  the  s\>i«  in 
which  is  practiced  now  in  the  neighbor- 
hood of  Nice,  where  they  grow  orange 
trees  and  scented  flowers,  and  where  they 
grow  a  large  quantity  of  things  which 
require  rich  manure  ;  and  it  is  perfectly 
certain  that  it  is  the  system  in  which 
there  is  least  waste. 

Now,  this  system  has  been  very  much 
revived  of  late  in  certain  towns.  In 
Edinburgh  and  Glasgow,  and  especially 
in  many  foreign  towns  —  in  Berlin, 
Leipsic,  and  in  Paris — this  is  a  plan 
which  is  adopted  on  a  large  scale. 
Of  course,  the  difficulties  of  the  system 
are  enormous,  and  the  nuisance  is  con- 
siderable. As  far  as  the  difficulties  are 
concerned,  I  may  tell  you  what  Dr. 
Trench,  of  Liverpool,  has  calculated  in 
regard  to  that  town  ;  he  calculates  that 
the  space  that  would  be  required  for  the 
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spare  receptacles  for  the  borough  of 
Liverpool  would  be  11  acres,  2  roods, 
32^  perches  ;  that  if  put  on  a  railway 
four-abreast  they  would  extend  a  dis- 
tance of  12  miles.  Now,  you  see  at  once 
that  a  system  which  requires  anything  of 
that  sort  is  not  a  system  likely  to  be 
adopted  for  any  large  town.  But,  mind, 
there  is  no  doubt  whatever  about  this, 
that  for  small  places  it  is  an  infinitely 
more  healthy  and  more  reasonable  system 
in  every  way  than  either  of  the  other 
two  plans  that  we  have  considered.  It 
is  carried  out  with  a  simple  bucket,  in 
which  the  refuse  matters  cannot  be 
allowed  to  remain  for  a  long  time,  be- 
cause it  is  not  large  enough,  and  because 
they  would  become  too  offensive.  This 
system  is  evidently  better  for  health  than 
keeping  the  matters  about  the  premises  for 
a  long  time  in  any  other  form  whatever. 
A  variety  of  this  plan  is  to  be  found  in 
what  are  called  the  trough  latrines  that 
are  used  in  many  large  manufactories. 
This  simply  consists  of  a  trough  which 
runs  below  a  row  of  seats,  which  trough 
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ran  In-  emptied  into  barrels  by  lifting  a 
plug  at  the  lower  end  ;  the  stuff  is  taken 
away  to  farms. 

Tliere  are  two  or  three  varieties  of  the 
tub  or  pail  plan.  One  is  known  as  the 
Goux  system,  and  another  as  the  Eureka 
system  ;  these  systems  have  been  much 
praised  of  late.  They  are  simply  pail 
systems,  in  which  some  deodorizer  or 
some  absorbent  is  used.  In  the  Goux 
system  there  is  a  sort  of  double  pail,  with 
an  absorbent  between  the  two  pails  ;  and 
the  idea  is  to  do  away  with  some  of  the 
offensiveness  of  the  tub  or  pail  sys- 
tem. 

Now,  I  must  say  a  few  words  to  you 
about  the  dry  earth  system,  which  has 
been  so  much  praised.  In  the  first  place 
I  may  tell  you  that  sifted  ashes  are  some- 
times used  instead  of  dry  earth,  because 
they  are  always  at  hand,  and  that  there 
are  several  plans  for  the  use  of  sifted 
ashes  which  are  attempts  to  obviate  the 
difficulties  which  are  met  with  in  the 
procuring  of  dry  earth.  It  is  found  that 
when  a  sufficient  quantity  of  dried  and 


51 

sifted  earth,  especially  of  particular  kinds, 
is  thrown  upon  refuse  matters,  that  they 
are  deodorized,  and  that  they  may  be 
kept  for  a  very  long  time  without  be- 
coming offensive.  The  conditions  are 
these  :  in  the  first  place  the  earth  must 
be  dried,  and  in  the  second  place  it  must 
be  deposited  on  the  refuse  matters  in  de- 
tail, as  it  is  called,  that  is  to  say,  you 
must  not  take  a  great  heap  of  excretal 
matters  and  throw  a  lot  of  earth  upon  it, 
but  you  must  throw  a  little  earth  upon 
it  each  time  the  heap  is  increased  by  any 
more  refuse  matters.  It  is  found,  then, 
that  about  one  pound  and  a  half  of  dry 
earth  is  sufficient  to  deodorize  the  excre- 
tal matters  that  are  passed  at  one  time 
by  an  individual.  With  regard  to  the 
kind  of  earth,  almost  any  earth  will  do 
except  sand  and  chalk. 

The  next  point  is,  that  such  earth  may 
be  used  several  times  over.  After  it  has 
been  used  once,  it  requires  merely  to  be 
dried  again  and  sifted,  and  you  cannot 
tell  it  at  sight  at  all  after  it  has  been 
used  two  or  three  times  from  that  which 
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has  l.een  used  once  ;  you  do  not  see  any 
difference  whatever  ;  all  the  organic  mat- 
ters and  all  the  matters  that  would  be 
offensive  are  entirely  absorbed  and  ren- 
dered inoffensive  to  the  smell,  and  so 
Ion  Li"  as  it  is  kept  dry  this  earth  remains 
(jiiite  inodorous. 

There  are  all  sorts  of  forms  of  closets, 
and  so  on,  that  have  been  contrived  for 
utilizing  dry  earth  in  this  way,  but  there 
is  not  the  slightest  necessity  that  I  should 
describe  these  plans  to  you.  I  will  there- 
fore u'o  on  now  to  tell  you:  of  the  results 
that  have  attended  the  application  of  this 
system  at  various  places,  and  the  advan- 
tages and  disadvantages  of  the  system. 
In  the  first  place,  with  this  system  it  is  a 
sine  qua  non  that  no  liquids  are  to  be 
thrown  into  the  earth  closet,  so  that  it  is 
a  system  which  does  not  provide  for 
slops  ;  that  is  against  it  to  begin  with. 
Then  if  any  liquidsareaccidentally  thrown 
in,  or  if,  as  is  the  case  in  certain  places, 
the  air  is  exceedingly  damp,  or  if  the 
contents  get  moist  in  any  way,  you  have, 
to  all  intents  and  purposes,  a  cesspool 
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special  precautions  that  are  commonly 
taken  with  regard  to  cesspools.  That  is 
another  disadvantage  of  the  system,  we 
shall  find  more  directly. 

Now  for  the  advantages.  The  ad- 
vantages, perhaps,  are  best  shown  by 
giving  some  statements  as  to  the  work- 
ing of  the  system  at  different  places. 
At  Broadmoor  the  lunatic  asylum  is  sup- 
plied with  earth  closets.  The  water 
closets  with  which  the  place  was  origi- 
nally supplied  were  done  away  with,  and 
the  earth  closet  system  adopted.  A  mix- 
ture of  earth  and  ashes  is  used,  but  the 
slops  are  allowed  still  to  pass  through 
the  drains.  Here,  you  see,  you  have  got 
every  advantage  that  such  a  system 
could  have.  Yx>u  have  sewers  originally 
made  by  Mr.  Menzies,  made  for  the  water 
closet  system;  and  so  they  can  send  just 
what  they  like  into  them,  and  treat  the 
earth  closet  in  a  sort  of  drawing-room 
fashion — if  I  may  so  call  it — I  mean  give 
it  its  best  chance. 

Then  at  various  schools   it  has  been 
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found  to  answer  very  well.  The  simplest 
form  of  it  is  a  mere  trough  into  wlm-h 
the  refuse  matters  fall  and  into  which 
earth  is  thrown.  At  various  jails  the 
plan  has  also  been  used  with  consider- 
able advantage.  At  one  place,  where 
there  was  an  attempt  made  to  save  all 
the  faeces  and  urine  of  the  boys  in  the 
school  in  this  way,  it  was  found  that  four 
pounds  of  dry  earth  a  day*  was  required 
for  each  boy.  I  mention  that  to  you  to 
show  you  the  absolute  impracticability 
of  doing  a  thing  of  that  sort  on  :i  hirue 
scale.  The  expense,  of  course,  would  be 
enormous. 

Where  the  plan  has  been  used  as  a 
temporary  arrangement  it  has,  on  the 
whole,  succeeded  very  well,  and  espe- 
cially so,  for  instance,  at  Wimbledon 
Camp.  At  Wimbledon  Camp^  there  is 
no  doubt  it  has  been  an  enormous  im- 
provement on  the  old  system.  Now  you 
see  at  once  that  that  was  a  temporary 

*  That  would  be  126  tons  a  week  for  a  population  of 
10,000. 
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arrangement,  that  they  could  get  plenty 
of  earth,  and  so  there  was  very  little  to 
be  wondered  at  that  a  system  which 
does,  if  it  is  properly  carried  out,  de- 
odorize offensive  matters  should  have 
been  there  so  far  a  success. 

Now,  I  must  tell  you  a  little  about 
the  Indian  experience.  The  Indian  ex- 
perience has  been  unfavorable  to  this 
system,  but  there  are  many  statements 
made  in  Indian  reports  to  the  effect  that 
it  is  a  considerable  improvement  on  some 
of  the  systems  that  were  in  vogue  before. 
That  you  would  easily  believe  if  I  read 
you  a  description  of  some  of  the  systems, 
or,  rather,  of  the  want  of  system,  that 
they  had  before  they  adopted  this  plan. 
The  Army  Sanitary  Commission  make 
the  following  statement  : — "It  is  insuffi- 
cient to  remove  only  one  class  or  cause 
of  impurities,  and  to  leave  the  others  ; 
and  no  sanitary  proceeding  which  does 
not  deal  effectually  with  all  of  them  can 
be  considered  as  sufficient  for  health." 

"  The  following  sources  of  impurity 
require  to  be  continually  removed  from 
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inhabited  buildings  in  India  as  else- 
where ;  (a)  solid  kitchen  refuse  includ- 
ing debris  of 'food;  (b)  rain  water  which 
would  if  left  in  the  subsoil  tend  to  gen- 
erate malaria  ;  (c)  all  the  water  brought 
into  the  station  except  that  which  acci- 
dentally evaporates.  This  water  is  nx-d 
for  drinking,  cooking,  washing,  baths 
and  lavatories.  The  amount  cannot  be 
taken  at  less  than  twelve  gallons  per  head 
for  every  healthy  man,  woman,  and 
child,  including  servants;  from  thirty  to 
thirty-five  gallons  per  head  for  every 
sick  man  per  day,  exclusive  of  water  for 
horses.  .  .  .  Practically,  this  water 
in  all  climates,  but  especially  in  India, 
becomes,  if  not  safely  disposed  of,  an  in- 
evitable source  of  disease  and  ill-health. 
It  contains  a  large  amount  of  putrescible 
matter,  and  if  urine  were  mixed  with  it, 
it  would  become  so  noxious  that  it  would 
matter  very  little  whether  or  not  the 
contents  of  latrines  were  added  to  this 
other  sewage  ;  (d)  the  matter  from  lat- 
rines, including  solid  and  fluid  excreta 
at  about  one  pound  per  man  per  day,ior, 
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in  round  numbers,  half  a  ton  per  day 
per  thousand  men." 

Those  are  the  matters  which  will  re- 
quire to  be  removed.  Now  the  Commis- 
sioners go  on  to  say  that  the  solid  debris 
being  removed  by  hand  or  cart  labor, 
the  refuse  water  must  "  either  be  passed 
into  cesspits,  or  it  must  be  carried  away, 
or  it  must  be  allowed  to  find  an  outlet 
where  it  can  by  surface  drains— probably 
into  the  sub-soil." 

Then,  farther  on,  they  say  that  the 
latrine  matter,  with  which  alone  the  dry 
earth  system  proposes  to  deal,  "  is  to  the 
fluid  refuse  of  barracks,  hospitals,  cook 
houses,  and  so  forth,  as  1  to  190  ;  that 
is,  for  every  pound  of  human  excreta  re- 
moved under  the  dry  earth  system  there 
are  in  every  well  regulated  establishment 
about  190  of  fluid  refuse  which  must  be 
otherwise  disposed  of."  You  see  at  once 
that  this  is  absolutely  condemnatory  of 
the  system  for  use  in  permanent  bar- 
racks, and  I  think  you  will  come  to  the 
conclusion  that  I  have  come  to,  namely, 
that  it  is  a  system  that  is  only  fit  for 
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temporary  places,  like  the  camp  at 
Wimbledon.  It  is  perfectly  plain  that 
it  is  absurd  to  have  two  systems,  a  sys- 
tem of  sewers  to  carry  away  the  foul 
water  of  a  station  — for  that  you  must 
have — and  another  system  for  carrying 
away  a  certain  portion  of  the  exnvtal 
matter,  which  might  all  perfectly  well 
be  allowed  to  go  away  with  the  foul 
water. 

As  for  the  utilizing  of  it  in  this  way,  I 
do  not  believe  in  it  at  all.  I  mean  to 
say  that  the  cost  of  bringing  in  dry  earth 
into  a  station,  and  especially  into  a  large 
town,  and  then  of  carrying  it  away 
again,  would  be  considerably  greater 
than  the  money  that  would  be  got  for 
the  manure.  You  will  see,  and  I  dare 
say  you  have  seen,  that  the  manure  col- 
lected under  the  dry  earth  system  has 
been  put  down  as  worth  all  sorts  of 
fabulous  sums.  Well,  it  is  not  worth 
anything  of  the  kind.  It  is  the  greatest 
mistake  to  suppose  so.  The  manure 
from  the  -dry  earth  system  is  a  good  gar- 
den soil,  and  it  is  not  anything  more. 
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It  is  not  a  manure.  And  this  earth  that 
has  been  passed  three  times  through  the 
closets  is  nothing  more  than  that,  as  you 
will  see  in  the  report  of  the  British  As- 
sociation Sewage  Committee.  In  that 
report  there  are  given  the  -results  of 
analyses  of  the  earth  after  passing  once, 
and  after  passing  twice,  and  after  pass- 
ing three  times  through  the  closet,  and 
it  is  said  that  after  passing  three  times 
through  it  is  nothing  more  than  a  rich 
garden  soil,  and  it  will  not  pay  for  in- 
curring the  expense  of  carriage  to  a  long 
distance  ;  so  that  the  utilization  question 
is  certainly  not  met  by  the  dry  earth 
system.  This  is  what  I  wanted  to  come 
to. 

I  may  as  well  tell  you  that  it  has  been 
attempted  to  apply  this  system  to  a 
town.  One  part  of  Lancaster  is  supplied 
with  dry  earth  closets,  and  there  are  sev- 
eral villages  in  which  it  has  been  tried. 
In  villages  it  seems  to  answer  very  well 
when  looked  after.  In  a  town,  for  some 
of  the  reasons  that  I  have  given  you,  it 
fails.  There  is  no  doubt  about  that. 
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That  will  finish  our  consideration  <>f 
the  systems  which  propose  to  separate 
the  excretal  refuse  as  if  it  were  some- 
thing totally,  and  entirely,  and  essentially 
distinct  from  all  other  refuse  matter 
forming  the  sewage  of  a  town.  Those 
systems  all  go  upon  a  wrong  principle. 
This  refuse  matter  is  dangerou 
health,  and  those  systems,  one  and  all, 
go  upon  the  principle  that  these  matters 
may  be  retained  in  and  about  houses  as 
long  as  possible,  so  Jong  as  they  do  not 
create  a  nuisance,  or  so  long  as  they  are 
not  felt  to  be  a  nuisance.  Now  that 
position  is  obviously  wrong.  All  these 
systems  depend  upon  leaving  such  mat- 
ters as  long  as  possible  about  the  h<> 
The  object  of  them  all  is  to  produce  a 
certain  result  with  as  little  expense  as 
possible.  It  is  perfectly  plain  that  the 
longer  this  refuse  matter  is  left  about 
houses,  under  all  these  systems, — I  do 
not  care  which  one  you  take, — the  cheap- 
er the  plan  will  be  carried  out,  so  that 
there  is  a  tendency  in  all  these  systems 
to  leave  dangerous  refuse  matters  about 


61 


premises  for  a  very  long  time.  Now, 
the  answer  is  that  they  are  perfectly  de- 
odorized or  disinfected,  as  the  case  may 
be.  The  answer  to  that  is — if  your  sys- 
tem is  perfect,  they  are  deodorized  in 
some  cases ;  for  instance,  in  the  dry 
earth  system  they  are  deodorized.  But 
if  they  are  not,  all  the  danger  arises  that 
could  arise  from  any  other  of  the  bad 
systems  I  have  described  to  you.  Then, 
again,  the  fallacy  is  entertained  that  de- 
odorization  and  disinfection  mean  the 
same  thing.  It  is  certain  they  do  not. 
We  know  quite  well  that  the  dry  earth 
system  deodorizes  refuse  matters.  They 
do  not  putrify  and  cause  offensive  smell 
after  deodorization,  but  we  do  not  at  all 
know  that  that  system  disinfects  mat- 
ters ;  and  there  is  not  the  slightest  rea- 
son for  supposing  that  this  earth,  if  at 
any  time  rendered  moist, — and  we  do 
not  know  whether  or  not  disinfection 
takes  place  even  when  dry, — that  this 
earth  may  not  then  be  dangerous  and 
have  infecting  properties.  I  mean  to 
say  we  do  not  know  that  the  excreta  of 
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cholera  patients,  or  typhoid  fever  pa- 
tients are  disinfected,  as  \\vll  as  deodor- 
i/ed,  by  this  mixtiuv  with  dry  earth,  and 
so  I  think  you  will  all  agree  with  mo 
that  the  plan  which  has  for  its  principle 
the  removal  of  these  excretal  matters 
immediately  from  the  vicinity  of  habita- 
tions (utilizing  them  afterwards,  if  pos- 
sible), that  the  plan  which  goes  upon 
the  principle  of  removing  them  in  the 
cheapest  way  possible,  viz.,  by  water 
carriage  and  by  gravitation,  removing 
them  at  the  same  time  with  all  the  other 
refuse  matters  of  the  population  (with 
the  single  exception  of  the  ashes),  I 
think  you  will  agree  with  me  that  that 
is,  after  all,  the  most  reasonable  plan. 
And  I  do  not  hesitate  to  say  that  nothing 
has  contributed  so  much  to  lower  the 
death  rate  of  towns  as  the  introduction 
of  the  water  carriage  system. 

Before  describing  to  you  the  composi- 
tion of  sewage  and  the  ways  in  which 
it  has  been  proposed  to  treat  it,  I  have  a 
few  words  to  say  to  you  about  the  con- 
struction of  the  apparatus  in  houses,  es- 
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pecially  as  to  the  construction  of  the  ap- 
paratus used  for  the  removal  of  such 
effete  matters  from  houses.  I  am  going 
to  say  a  word  or  two  on  this  subject  be- 
cause of  the  importance  of  the  points 
connected  with  it — points  that  every  one 
of  you  ought  to  know. 

In  the  first  place,  the  simplest  form  of 
closet  that  can  be  used  is  one  with  an 
earthenware  pan  and  syphon,  all  in  one 
piece,  which  of  course,  so  long  as  it  is 
not  broken,  always  retains  a  certain 
quantity  of  water  in  it.  The  advan- 
tage of  this  closet  is  that  it  can  always 
be  readily  cleansed.  In  towns  where  a 
more  complicated  form  of  apparatus  has 
been  tried  for  the  poorer  classes  and  for 
persons  who  are  not  •  careful,  water 
closets  have  always  failed.  One  of  the 
great  arguments  for  the  supporters  of  all 
the  dry  systems,  and  especially  of  the 
dry  earth  system,  has  been  that  the  water 
system  has  failed  because  persons  will 
not  take  reasonable  care  ;  but  that  has 
been  where  the  apparatus  has  been  too 
complicated,  as  has  often  been  the  case 
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apparatus  of  that  sort  there  is  much  less 
ri>k  of  anything  getting  out  of  order  ; 
anything  that  finds  its  way  into  the 
syphon  can  be  easily  got  out  again,  and 
in  fact  nothing  short  of  pushing  an  iron 
n»«l  in,  and  making  a  hole  in  it,  is  likely 
to  do  any  harm,  and  when  a  hole  is  made 
in  it  it  is  easily  detected,  because  the 
water  will  not  then  remain  in  the 
syphon  ;  in  fact  nothing  is  easier  than  to 
discover  such  a  damage. 

In  the  next  place  they  are  cheap.  One 
very  important  point  about  this  system, 
especially  if  these  closets  have  to  be  in- 
side houses  or  dwellings,  is  that  there 
should  be  a  hole  in  the  syphon,  at  the 
highest  point  of  the  pipe  above  the  water, 
and  leading  into  the  drain,  and  that  at 
this  point  there  should  be  attached  a 
ventilating  pipe.  Any  sewer  gases 
arising  will  then  be  taken  off  by  that 
pipe,  which  should  be  carried  to  a  suili- 
cient  height  and  turned  over  at  the  end. 

As  to  the  water  supply  any  simple 
apparatus  will  do  for  that  ;  the  usual 


65 

plan  is  to  have  a  wire,  which,  when 
pulled,  lifts  a  plug  in  the  cistern,  and 
water  runs  down  a  pipe  which  generally 
ends  in  the  side  of  the  pan,  the  aperture 
being  so  directed  that  it  whirls  the  water 
round  the  pan  ;  and  the  waste  pipe  of 
the  cistern  supplying  these  may,  if  that 
cistern  is  outside  the  house,  and  is  only 
used  to  supply  the  closet,  be  made  to 
end  in  the  same  supply  pipe.  There  is 
very  little  harm  in  that,  but  it  should 
not  be  done  if  the  same  cistern  is  used 
for  supplying  drinking  water,  which 
ought  not  to  be  the  case,  although  it  so 
often  is.  A  more  complicated  form  of 
water  closet,  which  is  commonly  used, 
requires  a  word  of  notice.  In  this  sort 
you  have  what  is  called  a  D  trap,  and 
above  that  there  is  what  is  known  as  a 
container,  which  is  a  large  iron  vessel 
opening  below  into  the  water  in  the  trap. 
Water  always  remains  in  this  D  trap  up 
to  the  level  of  the  outlet.  It  is  called  a 
D  trap  from  its  shape  ;  it  is  like  a  D 
placed  thus  C3  The  pipe  which  leads 
from  the  container  (which  is  the  iron 
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vessel  immediately  under  the  pan.  and  in 
which  the  basin  moves)  dips  under  the 
surface  of  the  water  in  the  D  trap. 

Now  a  few  points  of  caution  about 
tli is  method  are  necessary.  This  is  the 
apparatus  which  is  accused  of  having 
brought  us  a  large  amount  of  typhoid 
fever,  diarrhoea,  and  even  cholera  in  large 
towns,  which  we  should  not  have  had 
otherwise,  and  no  doubt  to  a  certain  ex- 
tent the  system  is  to  blame  for  it.  And 
I  am  going  to  show  you  where  it  is  to 
blame  for  it,  and  what  precautions  we 
have  to  take  to  prevent  this. 

One  way  in  which  it  is  to  blame  is 
that  the  descent  pipe,  called  the  soil 
pipe,  is  a  very  convenient  place  to  make 
the  waste  pipe  of  the  drinking  water 
cistern  end  in,  and  so,  very  frequently  in 
houses  this  waste  pipe  comes  down  and 
ends  there.  The  soil  pipe  goes  out  of 
the  D  trap,  and  then  joins  the  main  soil 
pipe  of  the  house,  or  becomes  itself  the 
main  or  perhaps  the  only  soil  pipe.  This 
main  soil  pipe  is  very  seldom  open  at  the 
top,  unless  it  has  been  purposely  so  con- 
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struct ed,  and  so  any  foul  air  in  the  drain 
below,  or  in  the  soil  pipe  itself  cannot 
get  away,  and  so  it  simply  goes  up  the 
waste  pipe  of  the  drinking  water  cistern, 
and  in  fact  the  waste  pipe  of  that  cistern 
forms  the  ventilator  of  the  soil  pipe,  and 
any  poisonous  matters  in  the  air  in  it 
are  absorbed  by  the  water,  and  drunk, 
and  this  is  unquestionably  one  of  the 
causes  of  the  spread  of  typhoid  fever. 
The  waste  pipe,  however,  should  not  end 
there,  but  should  end,  as  I  have  before 
told  you,  outside  in  the  open  air. 

Now  supposing  there  is  no  waste  pipe 
ending  there,  the  foul  air  which  accumu- 
lates in  the  soil  pipe  will  have  a  good 
many  of  its  ingredients  absorbed  by 
this  water  in  the  D  trap,  and  they  will 
be  given  out  at  the  surface  of  the  water 
into  the  "container."  As  soon  as  the 
apparatus  is  worked,  and  the  pan  let 
down  so  that  the  water  runs  out  of  it, 
then  the  foul  gases,  which  have  been 
collecting  under  pressure  in  the  container, 
immediately  issue  into  the  house. 

Now    how   can    that   be   prevented? 


Im 
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There  are  two  ways  of  preventing  it. 
In  the  first  place,  this  soil  pipe  should  !>«• 
open  at  the  top,  and  then  you  will  never 
have  sewer  air  with  pressure  on  the  D 
trap  That  is  quite  clear.  Or,  if  you 
do  not  carry  the  soil  pipeitgfjf  up  to  thP 

_-**"*    t.np    f(fr  pro,  aln  mi  }f\  frp    SflYi  ;i  1  -inch,  lf*n.<1f»n 

^nino  from  it  up  t«>  the  top  of  the 
,  and  turned  over,  ending  at  some 
convenient  place,  not  near  the  outlet  of 
the  chimney.  So  thus  you  prevent  any 
foul  air  from  collecting  in  the  soil  pipe 
and  rendering  the  water  in  the  D  trap 
fouler  than  it  need  be  ;  but  the  D  trap 
is  always  full  of  water,  the  apparatus  is 
seldom  worked  so  long  as  to  replace  all 
that  water,  and  so  it  remains  always 
more  or  less  foul.  The  foul  matters  in 
the  D  trap  putrefy,  and  so  foul  air  col- 
lects in  the  container,  and  as  soon  as  the 
apparatus  is  worked,  this  foul  air  in  the 
container  immediately  rushes  out,  be- 
cause it  has  been  collecting  in  considerable 
quantities,  a  thing  which  you  must  all 
have  observed  over  and  over  again. 
That  can  be  prevented  perfectly  well,  so 
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well  indeed,  as  to  render  closets  manage- 
able even  in  the  most  inconvenient  situa- 
tions in  which  they  can  be  placed,  and 
in  such  situations  they  frequently  are 
placed  in  many  of  the  large  houses  in 
London  ;  underneath  staircases,  and 
close  to  drawing  rooms,  or  even  opening 
directly  out  of  bed-rooms,  and  in  such 
places.  Although  they  should,  if  possi- 
ble, be  removed  from  such  situations, 
they  can  be  made  perfectly  sweet  in  a 
very  simple  way,  and  that  is  done  by 
making  a  hole  in  the  container,  attaching 
a  small  ventilating  pipe  to  it,  which  pipe 
is  taken  through  the  wall  of  the  house 
and  made  to  end  in  some  convenient  sit- 
uation, and  then  you  never  get  any  foul 
air  accumulating  under  pressure,  to  rush 
out  when  the  pan  is  moved  and  the 
water  in  it  let  fall  into  the  container. 

The  valve  closet  is  a  great  improve- 
ment upon  this,  inasmuch  as  the  con- 
tainer is  merely  a  small  box  in  which  the 
valve  works,  whereas  the,  volume  of 
water  used  is  much  greater. 

Those  are  the  chief  points  about  this 
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rather  complicated  apparatus,  wliicli  is 
evidently  not  fit  for  the  use  of  careless 
persons.  Now  for  the  kind  of  apparatus 
fit  to  be  employed  when  large  numl»er> 
of  persons  use  the  same  place.  There 
has  been  an  apparatus  contrived  called 
"The  Trough  Water  Closet.*1  I  spoke 
to  you  before  about  "Trough  Latrine-." 
They  are  not  water  closets  ;  they  are 
constructed  in  very  much  the  same  way, 
but  in  the  "Trough  Latrines,"  the  ex- 
creta are  collected  for  the  day,  and  then 
are  emptied  into  a  cart  and  taken  away. 
That  is  a  modification  of  the  "Pail 
tern." 

The  "  trough  water  closet"  may  be 
briefly  described  thus.  Underneath  the 
row  of  seats  there  is  a  trough  made  of 
iron  or  slate,  or  any  convenient  material 
of  the  sort.  This  trough  at  its  lower 
end  has  a  connection  with  a  sewer,  the 
mouth  of  which  is  fitted  with  a  plug  ; 
which  plug  can  be  moved  up  and  down 
by  a  lifting  apparatus  in  a  separate  com- 
partment, which  can  only  be  got  at  by 
the  person  who  has  charge  of  the  place  ; 
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because,  of  course,  among  large  bodies 
of  men,  there  must  always  be  a  man  ap- 
pointed to  have  charge  of  this,  just  as 
in  the  case  of  the  earth  closets.  This 
compartment  can  only  be  got  at  by  this 
particular  man,  and  he  has  access  in  or- 
der that  he  may  lift  up  or  let  down  the 
plug. 

At  the  other  end  you  have  a  water  tap 
supplied  from  a  cistern  ;  the  man  who 
has  charge  of  the  place  comes  at  night, 
lifts  up  the  plug,  lets  the  contents  all 
run  away  into  the  drain,  then  washes 
out  the  trough,  lets  down  the  plug, 
charges  the  trough  with  a  little  water, 
and  leaves  it  till  the  next  day.  That  is 
the  "  Trough  Water  Closet,"  and  that  is 
the  most  convenient  form  of  closet  for 
use  by  large  bodies  of  persons,  especially 
of  careless  persons. 

As  an  instance  of  the  success  of  these 
closets,  I  may  mention  the  town  of 
Liverpool.  Dr.  Buchanan  and  Mr.  Rad- 
cliffe,  say — "  Xothiug  could  be  more  ad- 
mirable than  the  working  of  the  Liver- 
pool arrangement,  and  nothing  could  be 
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more  marked  than  the  difference  bet  WITH 
them  and  what  are  called  water  cli»cts, 
in  the  poor  neighborhoods  of  Lon«l«>n 
and  other  large  towns."  Dr.  Hewlett 
also  gives  a  favorable  opinion  with  re- 
gard to  these  closets.  He  says — "  The 
trough  water  closets  in  use  at  Liverpool, 
and  the  self -flush  ing  tumbler  water  clos- 
ets at  Leeds,  where  they  answer  remark- 
ably well,  appear  to  me  to  be  the  best 
kind  for  use  in  poorer  districts,  especially 
for  closets  which  are  frequented  by  more 
than  one  family."  These  opinons  : in- 
sufficient. 

The  tumbler  water  closet  is  very 
nearly  on  the  same  principle.  There  is 
a  very  nearly  level  trough  with  a  con- 
nection with  the  drain  at  the  lower  end  ; 
at  the  other  end  there  is  a  sort  of  swing 
bucket  which  is  placed  below  a  tap. 
The  water  is  running  from  this  tap  con- 
tinually, but  slowly,  and  the  rate  at 
which  it  shall  run  is  subject  to  arrange- 
ment. As  soon  as  the  bucket  contains  a 
certain  amount  of  water,  it  tips  over, 
empties  its  contents  into  the  trough, 


washing  away  whatever  is  in  the  trough 
down  into  the  drain.  This  plan  is  also 
reported  to  be  an  excellent  one.  Of 
course  the  water  supply  and  th.e  buckets 
are  placed  in  a  separate  compartment, 
and  can  only  be  got  at  by  one  person. 

We  pass  on,  now,  to  consider  the  com- 
position of  sewage.  This  has  been  well 
stated  in  the  first  report  of  the  Rivers' 
Pollution  Commissioners,  in  the  follow- 
ing words  "  Sewage  is  a  very  complex 
liquid  ;  a  large  proportion  of  its  most 
offensive  matters,  is,  of  course,  human 
excrement,  discharged  from  water  closets 
and  privies,  and  also  urine  thrown  down 
gulley  holes.  Mixed  Avith  this,  there  is 
the  water  from  kitchens,  containing  veg- 
etable, animal,  and  other  refuse,  and  that 
from  wash-houses,  containing  soap,  and 
the  animal  matters  from  soiled  linen. 
There  is  also  the  drainage  from  stables 
and  cowhouses,  and  that  from  slaughter 
houses,  containing  animal  and  vegetable 
offal.  In  cases  where  privies  and  cess- 
pools are  used  instead  of  water  closets, 
or  these  are  not  connected  with  the 
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ill   M   larire  proportion 

of  human  refu-r,  in  the  form  of  rhamh<-r 
slops  and  urine.  In  ta«-t  -<  \\age  cannot 
l»e  looked  upon  as  composed  solely  of 
Imman  excrement  diluted  witli  water, 
l»ut  a-^  wati-r  polluted  with  a  vast  variety 
of  matters  some  held  in  Mi^pen-i«  .11, 
some  in  solution."  ^ 

Now  there  are  great  variations  in  tin- 
composition  of  sewage  at  different  times 
of  the  year,  and  also  at  different  tin 
the  day  and  niirht.  But  there  is  not  a 
Li-real  amount  of  difference  liet ween  the 
Composition  of  the  sewage  of  towns 
where  there  are  water-closets,  and  the 
composition  of  the  sewage  where  there 
are  not.  In  the  first  report  of  the  Kiv- 
<T>"  Pollution  Commissioners,  it  is  shown 
that  there  is  "a  remarkable  similarity  of 
composition  between  the  sewage  of  mid- 
den towns  and  that  of  water  closet 
towns.  The  proportion  of  putrescible 
organic  matter  in  solution  in  the  former, 
is  but  slightly  less  than  in  the  latter, 
whilst  the  organic  matter  in  suspension 
is  somewhat  greater  in  midden  than  in 
water  closet  sewage." 


I  must  now  give  you  an  account  of 
what  the  average  sewage  may  be  taken 
to  be.  You  may  take  it  that  an  average 
sewage  has  this  composition  ;  in  100,000 
parts  of  it  there  are  about  72  of  total 
solid  matters  in  solution,  which  total 
solid  matters  include  between  four  and 
five  of  organic  carbon,  something  over 
two  of  organic  nitrogen,  from  six  to 
seven  of  ammonia,  and  from  ten  to 
eleven  of  chlorine.  Besides  these  72 
parts  of  dissolved  matters,  it  contains 
44  or  45  parts  of  suspended  matters,  of 
which  about  24  are  mineral,  and  20  or  21 
organic.  Xow  that  is  the  average. 
There  are  extremes.  The  variation  of 
the  London  sewage  in  total  combined 
nitrogen,  is  from  three  parts  to  eleven  in 
100,000,  so  that  you  see  there  are  very 
considerable  differences.  And  this  is 
partly  due  to  the  fact,  which  is  plain 
enough,  that  there  is  a  greater  amount 
of  refuse  thrown  into  the  sewers  at  one 
time  than  at  another,  but  still  more  to 
the  great  variations  in  the  amount  of 
water.  As  an  instance  of  variation 
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with  tin-  time  .-I  the  year,  I  may  tell 
•hat  during  the  winter  before  last, 
Average  amount  of  ammonia  in  100,- 
noo  j>arts  of  tin*  sewage  of  Komford, 
w;i-  from  five  to  vjx  jiarts,  whereas  in 
the  previous  summer,  the  average  was 
only  two  and  a  half  to  four.  So  that 
the  value  varies  considerably  at  different 
times  of  the  year.  It  varies  becau-e  a  con- 
siderable amount  of  ivinfall  is  allowed  to 
get  into  the  sewers.  It  would  vary  little 
in  towns  where  very  lilt  le  rainfall  is  allow- 
ed to  get  into  the  sewers,  and  where  the 
water  supply  is  pretty  constant  through- 
out the  year.  The  variation  in  composi- 
tion during  the  day  and  night  is  very 
important,  and  during  the  night,  in  many 
towns,  the  sewage  is  very  little  more 
than  water. 

Kow  as  to  the  value — you  may  calcu- 
late the  value  of  sewage  in  two  way-. 
Thus  you  may  calculate  it  approximate- 
ly, from  the  number  of  persons  who  con- 
tribute to  make  it,  and  from  the  value 
that  we  have  assigned  to  the  refuse  mat- 
ters coming  from  each  person  during 


the  year.  We  have  assigned  8s.  4d.  a 
year  for  these  matters,  but  we  will  take 
the  lowest  value  ever  assigned  to  them, 
which  is,  that  the  annual  excreta  of  a 
human  being,  taking  an  average  of  all 
ages,  are  worth  6s.  8d.  a  head.  That 
value  was  assigned  by  Messrs.  Lawes 
and  Gilbert,  and  they  have  never  been 
valued  at  less.  So  that,  taking  no  other 
refuse  at  all,  if  you  can  get  at  the  ex- 
cretal  refuse  matters  of  a  population  of 
three  millions,  it  ought  to  be  worth 
£1,000,000  per  annum,  as  far  as  that  cal- 
culation goes. 

But  you  may  calculate  the  value, 
again,  from  the  composition  of  sewage 
itself.  And  if  you  do  that,  you  will  find 
that  the  money  value  of  the  substances 
dissolved,  say  in  100  tons  of  average 
sewage,  is  about  15s.,  while  the  money 
value  of  the  suspended  matters  is  only 
about  2s.  The  value,  then,  of  these 
constituents,  is  about  15s.  for  the  dis- 
solved matters,  and  2s.  for  the  suspend- 
ed matters  ;  that  is  to  say,  that  100  tons 
of  average  sewage  are  worth  17s.,  or 
about  two  pence  a  ton. 
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If  you  o«»nsid«-r  that  you  do  not  ah 
get  average  sewage,  or  sewage  of  an 
average  composition,  and  that  very  often 
•\vagi?  is  extremely  diluted  so  that, 
iii-tc.'id  of  there  being  something  like 
the  dry  weather  average  of  sixty  tons 
JUT  head  per  annum,  you  often  get  Ion, 
or  even  more,  it  is  plain  that  we  must 
not  take  so  high  a  value  as  that  I  have 
just  stated  for  it,  and  so  it  is  usual  to 
take  a  value  of  one  penny  per  ton,  in- 
stead of  two  pence.  If  then  you  take 
this  sewage  at  a  penny  per  ton,  as  con- 
taining on  an  average  about  four  grain* 
«>f  ammonia  in  a  gallon,  as  it  do.- 
between  five  and  six  in  100,000  parts.  M 
I  said  before,  then  you  may  con  si  d.  T 
that  sewage  is  worth  one  farthing  per 
ton  for  every  grain  of  ammonia  per  Bal- 
lon it  contains. 

And  again,  if  you  take  the  total 
amount  of  sewage  of  three  millions  of 
persons  at  an  average  dilution  of  about 
80  tons  per  head  per  annum,  and  put  it 
at  the  value  of  Id.  per  ton,  you  will  find 
it  comes  to  almost  exactly  the  san 
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the  calculation  made  the  other  way,  viz., 
something  over  £1,000,000. 

Now  what  are  we  to  do  with  this  sew- 
age which  has  the  value  which  I  haA'e 
just  assigned  to  it,  that  is  to  say,  which 
has  that  value  if  you  can  get  the  manu- 
rial  properties  out  of  it  ?  The  general 
plan  at  present  is  to  turn  it  into  the  riv- 
ers. This  plan  has  arisen  because  the 
sewers  we  use  were  originally  built  for 
drains,  and  meant  for  drains,  and  there- 
fore naturally  discharged  into  the  rivers, 
and  it  is  no  doubt  from  this  circumstance 
that  we  have  so  many  attempts  to  keep  a 
certain  proportion  of  the  manurial  refuse 
out  of  the  sewers  by  means  of  midden 
closets,  and  pail  closets,  and  earth  clos- 
ets and  so  on,  and  also  with  a  view  to 
the  prevention  of  the  fouling  of  the 
rivers.  Well  there  are  two  kinds  of  evils 
that  arise  from  the  fouling  of  rivers,  two 
especially,  but  there  are  plenty  of  others 
in  addition.  The  first  is  that  these  riv- 
ers, even  when  they  are  large  ones,  get 
to  a  certain  extent  blocked  up  by  the 
sediment  that  is  deposited  from  the  sew- 
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iliis  is  tli<-  OM6  even  willi  the 
Thames.  In  the  year  lsr.7  it  was  point- 
ed out  tliat  there  was  ^oinu  (,|,  a  forma- 
tion of  extensive  shoals  in  tin-  1'iver 

Thames   outride   tlic    main  drainage  out- 
falls   near   to    Harking  Creek  and   Cross- 

These  de]»< isits  were  very  e 
si\e.  Near  tlie  southern  outfalls  for  in- 
stance a  deptli  of  fully  seven  feet  of 
deposit  was  found,  and  in  fact  it  was 
going  on  to  such  an  extent  that  it 
threatened  to  interfere  seriously  witli 
llx-  navigation.  Plans  can  be  seen 
which  show  that  a  narrowing  of  the 
IK  d  of  the  stream  had  been  going  on 
wen  since  this  was  pointed  out  in  1867. 
In  sides  that,  it  was  also  shown  that  the 
tide  did  not  carry  away  the  matters  sus- 
pended in  sewage.  Experiments  were 
made  1»\  Mr.  Frank  Foster  first,  and 
afterwards  repeated  by  Mr.  Bazalgette 
and  Captain  Burstal — which  show  that 
suspended  matters,  floating  bodies,  were 
carried  down  by  the  tide  to  a  certain 
point,  and  then  carried  up  again  farther 
than  the  point  at  which  they  wore  orig- 
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inally  thrown  into  the  stream,  and  it  is  a 
fact  that  a  certain  amount  of  sewage  de- 
posit takes  place  above  the  outfalls  into 
the  River  Thames.  Now  in  small 
streams  as  well  as  in  navigable  rivers 
this  is  of  course  a  very  serious  matter. 
That  is  the  first  thing.  Then  perhaps  a 
less  important  matter,  but  still  one  of 
some  importance,  is  that  fish  are  killed 
in  rivers  into  which  sewage  is  turned. 
They  are  not  killed  by  fresh  sewage,  but 
they  are  killed  by  the  gases  which  are 
14-iven  off  by  the  decomposing  deposit  at 
the  bottom  of  the  river,  by  sulphuretted 
hydrogen  especially. 

Then  the  next  danger  is  the  pollution 
of  the -drinking  water  of  towns  lower 
down  on  the  rivers,  and  this  has  gone  on 
to  a  very  considerable  extent,  to  such  an 
extent  that  at  last  Londoners  have  found 
out  what  they  are  drinking,  and  all  the 
towns  on  the  River  Thames  have  got  in- 
junctions to  prevent  them  turning  their 
sewage  into  the  river.  This  comes  to  a 
climax  when  you  have  a  case  where  a 
town  actually  turns  its  own  sewage  into 
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a  ri\cr  at  :i  j.:irt  icular  place,  and  a  mile 
further  <l«»\vn  takes  out  its  water  supply. 
That  orriirs  in  a  town  in  Kngland  at  the 

|.  !V><  'lit     moment. 

If  the  towns  arc  not  to  turn  their  B 
au'e  into  a  river,  what  can  they  do  y  \  »\\ 
contains  sii>p«-ml«'d  mat- 
M<l  dissolved  matters,  ami  both 
among  the  suspended  matters  and  dis- 
i  matters  are  substances  that  are 
injurious  to  health  if  drunk  with  water. 
You  see  also  that  the  dissolved  matters 
are  considerably  more  valuable  than  the 
suspended  matters,  in  the  proportion  of 
15  to  2.  But  this  was  not  always  known, 
and  so  the  first  attempts  at  purifying 
the  sewage  consisted  of  simply  straining 
it.  The  sewage  was  strained  and  the 
suspended  matters  were  thus  separated 
and  were  then  sold  as  manure,  or  mixed 
with  town  ashes  and  sold  for  manure, 
and  the  somewhat  clarified  sewage  was 
then  allowed  to  escape  into  the  stream. 
That  is  the  practice  carried  on  in  a  great 
many  towns  at  the  present  time.  The 
suspended  matters  are  worth  compara- 
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tively  little,  and  you  lose  the  best  por- 
tion of  the  manorial  matters.  In  the 
second  place  the  purification  of  the 
stream  is  only  partially  effected,  because 
the  clarified  sewage  that  runs  into  the 
stream  putrifies  after  it  gets  there,  and 
you  get  the  stream  fouled  to  a  very  con- 
siderable extent,  so  that  that  plan  is 
evidently  not  sufficient. 

Then  come  different  chemical  processes. 
The  purification  was  attempted  by  vari- 
ous chemical  processes,  and  it  is  still  at- 
tempted to  precipitate  the  valuable  in- 
gredients dissolved  in  the  sewage  as  well 
as  the  suspended  matters.  Now  there 
are  plenty  of  ways  in  which  you  can 
clarify  foul  water,  but  you  see  at  once 
that  it  is  not  so  easy  to  precipitate  those 
particular  matters  that  are  in  solution  in 
sewage,  because  you  see  in  the  first  place 
that  the  most  important  constituent,  or 
at  any  rate  one  of  the  most  important 
constituents,  the  most  important  from 
its  quantity  at  any  rate,  is  the  ammonia. 
You  know  perfectly  well  that  you  can- 
not precipitate  salts  of  ammonia  on  a 


large  scale  at  all  from  a  dilute  solution, 
and  you  will  Bee,  t  hen-Tore,  at  once,  that 
all  attempts  to  precipitate  the  valuable 
matter  OJ  are  likely  to  1'aii. 

from  that  cause  alone.  Then  in  the  next 
plaee  you  have  organic  matter  in  solu- 
tion. Now  we-  do  not  know  of  any  sub- 
stance at  present  which  can  be  u 
a  large  scale  at  any  rate,  that  can  be  re- 
lied upon  to  precipitate  organic  matters 
in  solution,  especially  organic  matters  in 
the  state  in  which  they  are  in  sewage, 
viz.  :  in  a  state  of  very  rapid  decom- 
position, and  these  are  the  substances 
matter  which  are  most  dangerous,  and 
which  have  to  be  separated,  so  that  you 
will  be  prepared  to  find  that  most  of  the 
precipitation  processes  have  failed.  You 
will  find  a  long  description,  and  an  ex- 
cellent one,  of  most  of  these  processes  in 
the  Second  Report  of  the  Sewage  Com- 
missioners, published  in  1861,  giving  the 
results  of  many  analyses.  Several  of 
\  these  processes  are  capable  of  precipi- 
j  tating  at  any  rate  one  important  in- 
gredient in  sewage,  and  that  is  the  phos- 
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phoric  acid,  an  important  ingredient  • 
which  can  be  precipitated  in  several 
ways,  and  they  also — some  of  them — 
precipitate  some  of  the  organic  matters. 
Now  these  are  some  of  the  more  im- 
portant precipitation  processes  brought 
before  the  public.  In  the  first  place 
there  is  the  lime  process  which  was  prac- 
tised at  Tottenham  and  Leicester,  and 
some  other  places,  and  which  merely 
consisted  in  adding  a  certain  proportion 
of  milk  of  lime  to  the  sewage.  The  re- 
suit  of  this  process  was  that  no  element  j 
of  agricultural  value  that  was  in  solu- 
tion was  precipitated  by  it  except  the 
phosphoric  acid.  The  suspended  matters 
were  very  fairly  well  removed  from  the 
sewage  (that  you  can  do  perfectly  well 
by  straining),  and  sometimes  the  amount 
of  organic  matter  in  solution  was  in- 
creased, because  some  of  the  organic 
matter  originally  in  suspension  passed 
into  a  state  of  solution,  which  it  always 
will  do  by  mere  agitation,  and  also  the 
amount  of  ammonia  contained  in  the 
sewage  was  increased,  so  that  by  that 


proces-.  M  \v.-ll  a<  l»y  >om<-  other-,  the 
\\.-itrr  discharged  into  the  river  some- 
time- contained  actually  more  impure  in- 

.iriv.licnts  than  the  sewage  contained  in 
solution,  some  of  the  organic  matters  in 
sii-|M-n>ion  having  passed  into  a  state  of 
solution.  A  fault  of  the  lime  ]>ro. 
that  the  precipitated  matter  remaining 
is  alkaline,  so  that  much  of  the  ammonia 
it  contains  is  given  off,  and  the  next 
tiling  is  that  it  is  nearly  worthless. 

The  Rivers'  Commissioners  pronounce 
it  "  a  conspicuous  failure,  whether  as  re- 
gards the  manufacture  of  valuable  man- 
ure or  the  purification  of  the  offensive 
liquid."  The  next  that  I  have  to  men- 
tion is  a  variety  of  the  lime  process,  in 
which  lime  and  per-salts  of  iron  were 
mixed  and  used.  This  is  a  much  better 
plan,  because  the  per-salts  of  iron  will 
fix  the  sulphuretted  hydrogen  and  all 
the  phosphoric  acid.  The  fault  of  this 
plan  is,  that  it  does  not  precipitate  any- 
thing else  that  the  lime  process  did  not, 
and  its  virtue  is  this,  that  it  deodorizes 
the  liquid  and  the  precipitate.  Salts  of 
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iron  have  been  used  alone,  and  they  do 
without  doubt  deodorize  the  water,  and 
precipitate  the  phosphates  and  the  sus- 
pended matters,  but  they  only  delay  the 
decomposition  of  it,  and  again  they  are 
too  expensive. 

Then  several  processes  in  which  clay 
was  a  precipitating  ingredient  may  be 
mentioned.  In  the  first  place,  Holden's, 
in  which  sulphate  of  iron,  lime,  and  coal 
dust,  with  some  clay  are  used,  and  An- 
derson's, which  is  very  much  the  same  as 
Bird's,  which  consists  in  the  addition  to 
the  sewage  of  crude  sulphate  of  alumina. 
Stothert's  consists  of  the  addition  of  sul- 
phate of  alumina  with  sulphate  of  zinc 
and  charcoal. 

And,  lastly,  the  celebrated  A.B.  C.  pro- 
cess. The  A.  B.  C.  process  wras  so  called 
from  the  chief  ingredients  that  were 
used,  with  the  object  of  precipitating 
the  sewage,  namely,  alum,  blood  and 
charcoal.  You  have  all  probably  heard 
sufficiently  about  the  A.  B.  C.  process 
lately.  You  know  the  Company  has  at- 
tempted to  purify  some  of  the  sewage 
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of  London,  at  Crossness,  and  no  doubt 
you   have  heard  that  a  combined  report 
has  been  issued  by  the  Engineer  and  the 
(  In  mist  of  the  Metropolitan   Board  of 
Works,    which   report   shows   perfectly 
well  that  although  the  sewage  was  at  any 
clarified,  and  although  there  was  a 
certain  amount  of   purification  effected 
(we  can't  say  exactly  what  amount,  as  in 
tliis  report  we  have  not  the  analysis  of 
the  original  sewage);  although  that  was 
th<-  rase,  the  manure  produced  was  not 
worth  more  than  twenty  shillings  a  ton, 
while  the  cost  of  producing  it  was  £6  6s. 
4d.  !     Then  there  is  a  process  known  as 
Ilille's  process,   which   is   chiefly  a  de- 
odorizing process.     A  mixture   of    lime 
and  tar,  and  chloride  of   magnesium  is 
used  ;    the  precipitate   is  of  very  little 
value.     Carbolates  and  sulphites  of  lime, 
and  magnesia,  have  also  been  proposed 
as  precipitants  which  would  also  deodor- 
i/e   the   sewage.      At   Carlisle,  carbolic 
:  u- id  is  used  to  deodorize  the  sewage. 

There  are  two  or  three  processes  in 
which  phosphates  have  been  used.     The 
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idea  of  using  phosphates  to  precipitate 
sewage  was  this, — that  the  precipitate 
produced  by  other  substances,  like  lime 
and  clay,  which  are  useless  as  manures, 
will  not  sell,  because  it  will  not  bear  the 
cost  of  carriage  ;  but  if  you  add  a  sub- 
stance which  is  itself  a  manure,  and  pre- 
cipitate the  suspended  matters  with  it, 
then  they  would  sell,  and  then  you  would 
get  a  manure  that  is  worth  carrying. 

Now,  the  first  phosphate  process  has 
been  proposed  over  and  over  again.  In 
England  it  goes  by  the  name  of  Blyth's 
process,  and  the  principle  of  it  was  this; 
— there  is  a  salt  of  phosphoric  acid  (to  j 
wit,  the  phosphate  of  magnesium,  am- 
monium and  hydrogen,  a  triple  phos- 
phate), which  salt  is  insoluble  in  water  •, 
containing  salts  of  ammonia,  and  it  was  ] 
thought  that  by  adding  a  salt  of  mag- 
nesia and  super-phosphate  of  lime,  or 
super-phosphate  of  magnesia  and  lime 
water,  to  sewage,  that  a  precipitate  of 
this  triple  phosphate  would  take  place. 
The  result  was  that  it  was  found  to  be 
the  most  expensive  process  ever  adopted, 
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:m«l  that  a  great  proportion  of  the  phos- 
phate added  went  away  in  the  effluent 
water.  The  salt  in  question  is  not  at  all 
in  soluble  in  pure  water.  It  is  only  in- 
soluble in  water  containing  an  excess  of 
ammonia  ;  so  that  the  condition  for  the 
success  of  this  experiment  was  that  the 
water  turned  into  the  river  was  rich  in 
ammonia — an  obvious  condition  for 
failure  of  the  experiment— and  the  re- 
sult was  the  loss  of  a  great  amount  of 
the  substances  added.  That  process  has 
failed  over  and  over  again. 

Then  we  have  a  phosphate  process 
patented  by  Messrs.  Forbes  and  Price. 
In  this  process  an  insoluble  phosphate  of 
alumina  in  large  quantities  is  used,  and 
it  is  pendered  soluble  by  being  mixed 
with  strong  hydro-chloric  acid.  T}\\<  is 
mixed  with  sewage,  lime  water  then  is 
added,  and  the  result  is  that  the  sus- 
pended matters  are  carried  down  very 
completely,  and  the  sewage  is  left  very 
clear.  'All  offensiveness  is  entirely  taken 
away  ;  the  effluent  water  passes  off  con- 
taining all  the  ammonia  that  the  sewage 
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contained  before,  and  at  any  rate  the 
greater  portion  of  the  organic  matter  in 
solution.  This  process,  therefore,  could 
only  be  used  as  a  preliminary  process  to 
some  other  treatment.  I  will  not  say 
any  more  about  that. 

Then  recently  another  phosphate  pro- 
cess has  come  forward,  called  Whit- 
thread's.  That  process  has  been  report- 
ed on  by  the  Committee  of  the  British 
Association  appointed  for  the  considera- 
tion of  the  treatment  and  utilization  of 
sewage,  and  that  process  is  the  only  pre- 
cipitating process  with  respect  to  which 
it  has  ever  been  said  that  it  does  precipi- 
tate most  of  the  organic  matter  that  is 
in  solution.  It  precipitates  all  the  sus- 
pended matters,  and  so  far  as  the  pre- 
liminary experiments,  which  were  carried 
on  under  the  supervision  of  the  Commit- 
tee of  the  British  Association, — as  far 
as  those  preliminary  experiments  go,  this 
process  depends  upon  the  use  of  a  sub- 
stance known  as  di-calcic  phosphate,  a 
particular  form  of  phosphate  of  lime, 
which  seems  to  have  the  property  of 


down  organic  mutters  in  solu- 
tion. The  deodori/ation  is  also  com- 
plete. It  does  not  in  any  way  remove 
the  ammonia  in  solution,  and  it  remains 
to  l»e  seen  whether  that  ))rocess,  or  in- 

any    other  process,  is    capaM 
the  large  scale  of  so  removing  the  organ- 
ic matters  in  solution  that  tin- liquid  may 
at  anyrate  U-  harmless  after  it  is  thrown 
away. 

Lastly,  I  have  to  mention  to  you  (Am- 
oral Scott's  process.  General  Scott's 
process  consists  in  mixing  the  sewage 
with  a  certain  amount  of  lime  and  of 
clay.  It  has  been  reported  on  by  the 
IJivers'  Pollution  Commissioners  and  by 
the  Hritish  Association  Sewage  Commit- 
tee. About  10  cwt.  of  lime  and  8  cwt. 
of  clay  are  added  to  400,000  gallons  of 
sewage.  This  mixture  of  lime  and  clay 
is  added  in  considerably  greater  propor- 
tions than  the  precipitants  are  added 
under  the  other  processes.  With  the 
others  yon  add  as  little  as  possible. 
With  General  Scott's  process  you  add  a 
great  deal.  Well,  this  mixture  is  added 
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to  the  sewage  in  the  sewers  before  it 
gets  to  the  tanks,  and  the  result  is  that 
the  sewage  is  entirely  deodorized,  and  as 
soon  as  it  arrives  at  the  precipitating 
tanks  and  is  allowed  to  settle,  the  whole 
of  the  suspended  matters,  including  the 
lime  and  clay  which  have  been  added, 
are  deposited  at  the  bottom  of  the  tanks. 
This  deposit  is  run  out  in  a  semi-liquid 
condition  as  soon  as  there  is  enough  of 
it.  It  is  then  dried,  or  it  may  be  com- 
pressed by  what  is  known  as  Needham 
and  Kite's  Press.  Needham  and  Kite's 
Press  is  a  press  which  has  a  number  of 
canvas  bags  in  it,  into  which  bags  this 
mud  is  run.  They  are  then  pressed  to- 
gether by  a  hydraulic  press.  A  certain 
portion  of  water  is  thus  squeezed  out  of 
the  mud,  leaving  it  in  a  comparatively 
dry  state.  It  is  then  taken  up  in  lumps, 
dried  by  heat  if  necessary,  and  placed  in 
a  kiln.  A  fire  is  lighted  below  it  with  a 
small  quantity  of  coal,  and  it  burns. 

"  The  area  is  laid  out  in  square  beds 
intersected  with  roads  and  paths,  along 
which  are  constructed  the  main  carriers 
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which  receive  the  sewage  fn>m  the  out- 
fall B6Wer  and  distribute  it  over  the 
As  soon  a<  it  18  OD06  Set  alight 
s  no  iM-re-siiy  '<>  juit  any  more 
coals  in  the  kiln.  The  ><-wau;e  <1< •\><><\\ 
with  the  clay  and  lime  is  supplied  from 
the  top  of  the  kiln,  and  it  is  gradually 
taken  out  a>  it  is  burnt,  through  an  open- 
ing in  the  bottom,  and  no  more  eoai  is 
required.  There  is  sufficient  organic 
matter  in  the  deposit  for  it  to  go  on 
burning,  when  once  well  lighted,  for  any 
length  of  time.  The  result  is  the  pro- 
duction of  a  cement,  and  an  excellent 
cement.  This  cement  can  be  made  of 
different  qualities,  and  it  certainly  an- 
swers perfectly  well  as  a  cement,  and 
the  process  causes  no  offence. 

The  result  on  the  sewage  is  that  it  is 
clarified,  and  the  phosphoric  acid  con- 
tained in  solution  is  precipitated,  so  that 
this  cement  contains  phosphoric  acid. 
The  ammoniacal  salts  are  left  in  solu- 
tion, and  the  organic  matters  in  solution 
are  not  touched  by  the  process,  or  rather 
they  may  occasionally  be  increased  from 
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some  of  those  matters  in  suspension 
passing  into  a  state  of  solution.  The 
cement  prepared  can  be  used  as  ordinary 
cement  ;  or  it  has  been  suggested  by 
General  Scott  that  in  places  where  lime 
is  already  used  as  a  manure,  it  would  be 
considerably  better  to  use  this  sewage 
lime,  after  it  has  been  calcined,  on  ac- 
count of  the  proportion  of  phosphoric 
acid  in  it.  It  is  a  process,  then,  that 
does  not  at  all  pretend  to  purify  the  sew- 
age ;  it  merely  pretends  to  afford  a 
means  of  dealing  with  the  suspended 
matters  of  the  sewage,  and  to  leave  it  in 
a  condition  in  which  it  is  better  fitted 
for  treatment  afterwards. 

We  pass  on  now  to  the  remaining 
methods  for  the  treatment  of  sewage, 
which  depend  upon  the  filtration  of  it 
through  soil.  I  have  described  to  you 
the  effects  of  the  filtration  of  foul 
water  through  gravel  and  sand  and  char- 
coal. You  may  say  this  can  be  done  for 
water  containing  a  small  amount  of  im- 
purity, but  can  it  be  done  for  water  con- 
taining a  large  amount  of  organic  mat- 
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ten  both  in  suspension  and  solution,  as 
i>  the  case  with  sewage?  Now,  filtra- 
tion may  be  of  two  kinds  ;  at  any  rate 
there  are  two  principal  kinds,  downward 
and  upward.  You  may  cither  pour  tin- 
water  on  to  the  surface  of  the  filter  and 
allow  it  to  pass  through,  or  you  may 
conduct  the  water  underneath  the  filter, 
and  let  it  rise  up  through  the  filtering 
material.  By  the  first  process,  which  is 
known  as  downward  filtration,  sewage 
can  be  satisfactorily  purified  on  one  con- 
dition, namely,  that  the  filtration  shall 
be  intermittent.  I  told  you  how  a  filter 
purifies,  and  you  will  see  at  once  that 
this  is  a  necessary  condition  for  the  puri- 
fication of  sewage.  If  you  have  sewage 
falling  on  a  filter  bed  and  passing 
through  it  to  drains  below,  the  organic 
matters  in  that  sewage  are  only  oxydiz- 
ed,  if  there  is  air  in  the  filter;  and  there 
cannot  be  air  in  the  filter  unless  your  pro- 
cess is  intermittent.  But  if  your  process 
is  intermittent,  when  you  stop  pouring 
sewage  on  to  the  filter  bed,  the  remain- 
ing water  trickles  down  into  the  drain 


below,  and  so  fills  your  filter  with  air. 
You  must  have  an  intermittent  process. 
That  shows  yjni—affaiiL-  why 


filtration  jfl  nnt'  napahle  rtf  pnrifyipjnr 
_gpriyp.gp..  Supposing  you  have  water  ad- 
mitted underneath  the  filter,  and  that  it 
is  so  constructed  that  it  can  rise  up  to 
the  surface  of  the  bed  and  flow  off  it, 
your  filter  bed  is  always  charged  with 
water.  Upward  filtration  then  does  not 
afford  the  means  of  aerating  the  water. 
By  intermittent  downward  filtration  we 
have  a  means  —  as  pointed  out  by  the 
Rivers'  Pollution  Commissioners  (1868) 
—  a  means  of  satisfactorily  purifying 
sewage. 

Experiments  conducted  by  filtering 
London  sewage  through  15  feet  of  sand 
showed  in  the  first  place  that  "  the  pro- 
cess of  upward  filtration  through  sand 
is  insufficient  in  the  purification  of  sew- 
age from  soluble  offensive  matters  ;  .  .  . 
.....  on  no  occasion  was  the  effluent 
water  in  a  condition  fit  to  be  admitted 
into  running  streams,"  but  that  the 
"  process  of  intermittent  downward  filtra- 


tion  through  either  sand  or  a  mixture  of 
chalk  and  sand  effects  a  very  satisfactory 

purification  oi  -when  t lie  sewage 

treated  amounts  to  5.0  gallons  per  cuhic 
yard  of  filtering  material  in  24  hours  ; 
but  that  the  purification  becomes  uncer- 
tain and  unsatisfactory  when  the  rate  of 
filtration  is  doubled,  that  is  when  the 
sewage  treated  amounts  to  11.2  gallons 
per  cubic  yard  in  24  hours."  And  so  on. 
And  then  the  amount  of  purification  is 
given,  and  the  value  of  different  soils  as 
purifying  agents.  Now,  filtration  through 
charcoal  has  been  used  in  one  process, 
the  process  known  as  Messrs.  Weare's 
process  ;  the  process  has  been  used  in 
the  filtration  of  the  sewage  of  the  work- 
house at  Stoke-upon-Treut.  One  would 
have  expected,  if  the  experiment  had 
been  conducted  properly,  that  it  would 
have  been  a  success.  However,  all  the 
sewage  of  that  particular  place  was  ex- 
ceedingly strong,  and  although  it  was 
purified  to  a  considerable  extent  by 
A  V  care's  process,  it  is  not  reported  fav- 
orably on  in  the  report  of  the  British 
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Association  Committee,  and  it  has  not 
been  employed  on  a  larger  scale.  Then 
intermittent  downward  filtration  through 
soil  has  been  employed  as  a  means  of 
purifying  sewage  on  a  very  large  scale 
at  Merthyr  Tydfil  by  Mr.  Bailey  Denton, 
and  this  has  been  reported  on  by  the 
Rivers'  Pollution  Commissioners  and 
also  by  the  British  Association  Commit- 
tee. 

"  Merthyr-Tydfil  contains  a  population 
of  50,000 — I  am  now  (bating  from  the 
proof  sheets  of  last  year's  report  of  the 
British  Association  Committee — but  ac- 
cording to  information  supplied  to  the 
Committee,  the  excretal  refuse  of  not 
more  than  two-fifths  of  this  number  is 
discharged  into  the  sewers,  although  the 
slops  and  other  liquid  refuse  from  a  fur- 
ther like  number  (20,000)  is  stated  to  be 
admitted.  It  is  not  surprising,  therefore, 
that  the  sewage  is,  as  afterwards  appears, 
weak."  "An  area  of  about  2Q  acres 
has,  under  the  supervision  of  a  member 
of  the  Committee,  been  converted  into  a 
filter  bed  for  the  practice  of  the  system 
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of  downward  filtration  originated  by 
tin  1  livers'  Pollution  Commissioners,  as 
above  described."  "The  soil  of  this 
area  consists  of  a  deep  bed  of  gravel 
(probably  the  former  bed  of  the  ]  fiver 
Tall,  which  is  embanked  up  on  the  east 
s'nk-  and  is  raised  above  the  valley)  com- 
1  of  rounded  pebbles  of  the  Old 
I  Jed  Sandstone  and  Coal-measure  forma- 
tions, interspersed  with  some  loam  and 
beds  of  sand,  forming  an  extremely  por- 
ous deposit,  and  having  a  vegetable 
mould  on  the  surface." 

"  The  land  has  been  pipe-drained  at  a 
depth  of  less  than  7  feet,  and  the  pipes 
are  concentrated  at  the  lowest  corner, 
where  the  effluent  water  is  discharged 
into  the  open  drain  which  leads  to  the 
river  Taff  at^  some  distance  down  the 
valley." 

"  The  sewage  before  entering  the  farm 
is  screened  through  a  bed  of  '  slag '  which 
arrests  the  coarser  matters.  It  is  applied 
to  the  land  intermittently,  for  the  area 
being  divided  into  4  plots  or  beds,  it  is 
turned  on  each  one  for  6  hours  at  a  time, 
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leaving  an  interval  of  18  hours  for  rest 
and  aeration  of  the  soil."  So  that  you 
see  the  right  principal  is  carried  out 
there.  When  the  Rivers'  Pollution 
Commissioners  reported  on  intermittent 
downward  filtration  through  soil,  they 
said  that  it  could  be  used  to  purify  sew- 
age. They  also  said,  and  it  was  so 
thought,  that  the  sewage  would  be  en- 
tirely wasted  ;  that  the  greater  amount 
of  it  is  wasted,  as  you  will  directly  see  ; 
but  that  it  need  not  be  entirely  wasted 
we  can  see  from  these  experiments  at 
Merthyr-Tydfil,  where  large  crops  are 
grown  upon  the  limited  area. 
"  The  surface  of  the  land  was  cultivated 
to  a  depth  from  16  to  18  inches,  and  laid 
up  in  ridges,  in  order  that  the  sewage 
might  run  down  the  furrows,  while  the 
ridges  were  planted  with  cabbages  and 
other  vegetables." 

Well  now,  this  process  has  been 
carried  out  on  a  large  scale,  and  it  has 
been  examined  with  the  following  re- 
sults by  the  "Rivers'  Pollution  Com- 
missioners," and  also  by  the  "British 
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Association  Committee,"  ami   both 

of  examiners  have  come  to  the  conclusion 

that    the   pmilication   is   satisfactory.      I 
am  not  going  to  give  you  the  numbers, 
but  I  am  just  going  to  give  you  one  or 
two  facts  about  it.     In  the    first  place, 
when   you  look  at   the  analysis   of  the 
sewage  of  a  filter  bed  like  this,  you  always 
have  to  take  into  consideration  the  pos- 
sibility of  dilution  of  the  sewage   with 
subsoil  water,  and  in  this  place  the  dilu- 
tion of  the  sewage  with  water  from  the 
river  Taff  is  considerable.     In  the  sum- 
mer it  was  diluted  with  certainly  more 
than  an  equal  volume  of  subsoil  water, 
and  the  gaugings  in  the  winter  showed 
that  each  gallon  of  sewage  had  become 
mixed   with  about  2  gallons  of  subsoil 
water.     When  this  is  allowed  for,  if  you 
compare  the  results  of  the  analysis  of 
the  effluent  water  with  that  of  the  analy- 
sis of  the  sewage,  you  find  first  that  the 
suspended  mat  ters  are  all  removed.    Then 
with  regard  to  the  dissolved  matters,  the 
nitrogen,  instead  of  appearing  as  it  does 
in  sewage  as  ammonia  and  organic  nitro- 
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gen,  appears  as  nitric  acid  ;  it  has  very 
nearly  all  been  oxydized, — a  reoult  that 
we   get   from    purification    of    drinking 
waters  by  filtration  ;  but  the  importance 
and  interest  of  the  matter  is,  that  after 
making   allowances    for     dilution    with 
subsoil  water,  the  total  amount  of  nitro- 
gen in  the  effluent  water  is   almost  ex- 
actly   the  same  as  the  total  amount  of 
nitrogen  in  the  dissolved  matters  in  the 
sewage,    although  in    a    different    con- 
dition ;  that  is  to  say,  that  the  nitogen 
retained  by  the  land  is  almost  exactly 
equivalent  to  the  amount  of  nitrogen  in 
the   suspended   matters.      The    effluent 
water,  I  may  tell  you,  was  so  pure,  both 
in  the  winter  and  in  the  summer,  that  in 
the  winter  nearly  all  the  nitrogen  in  it 
was  in  the  form  of  nitrates  and  nitrites, 
and  in  the  summer  fths  of  it  was  in  the 
same  oxydized  and  harmless  condition. 
We  have  now  to  consider  the  subject 
of  sewage  irrigation.     I  have  shown  you 
that  by  filtration  through  the  soil  in  a 
particular  manner,  sewage  could  be  sat- 
isfactorily purified  ;   could  be  purified, 


in  fact,  s.»  that  the  water  wliicli  had 
paMed  through  a  liltcr  of  sand,  gravel, 
or  soil,  wa>.  jn-actically  speaking,  drink- 
ing water.  It  is  perfectly  plain,  there- 
fore, that  if  you  enlarge  the  area  of  your 
filter,  and  pass  the  sewage  through  a 
certain  depth  of  soil,  you  can  in  that 
way,  even  without  the  action  of  plants, 
satisfactorily  purify  sewage.  But  as  ir- 
rigation farms  existed  before  intermittent 
downward  filtration  was  thought  of,  it 
is  neccessary  for  us  to  consider  whether 
it  is  sufficient  merely  to  turn  the  sewage 
on  to  unprepared  land — whether  it  is 
sufficient  that  this  should  be  done  with- 
out making  it  a  necessity  that  the  sew- 
age should  pass  through  the  soil. 

There  are  now,  at  any  rate,  two  classes 
of  irrigationists.  One  set  tells  you  that 
an  irrigation  farm  is  nothing  in  the 
world  but  a  very  large  filter  ;  that  it  is 
absolutely  necessary  for  the  purification 
of  the  sewage  at  all  times  of  the  year 
that  the  sewage  should  pass  through  the 
land.  I  mean  to  say  they  will  tell  you 
that  at  certain  times  of  the  year,  at  any 


105 

rate,  if  the  sewage  does  not  pass  through 
the  land,  it  will  not  be  satisfactorily 
purified,  and  that  there  is  danger  of'  its 
not  being  satisfactorily  purified  at  any 
time. 

Others  again  say  that  it  is  not  neces- 
sary that  the  sewage  should  pass  through 
the  soil  into  drains,  and  that  it  is  not 
even  necessary  that  the  land  should  be 
drained  in  many  cases  at  any  rate.  In 
the  first  place,  there  can  be  no  doubt 
that  upon  almost  all  impervious  soils, 
sewage  can  be  purified  by  surface  action 
to  a  very  large  extent  indeed.  At  some 
of  our  sewage  farms  they  work  upon 
this  principal.  The  sewage  does  not 
pass  through  the  soil  at  all.  On  the 
soil  plants  are  growing,  and  they  take 
up  the  organic  matters,  ammonia,  &c., 
from  the  sewage  ;  and  the  water  which 
passes  off,  the  overflow,  is  remarkably 
pure.  But  it  will  remain  for  us  to  con- 
sider bye  and  bye,  whether,  when  plant 
action  is  least,  this  would  be  the  case, 
whether  in  such  cases  the  effluent  water 
should  not  be  left  in  an  impure  condition. 
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Well,  now  you  have  sewage  brought  on 
to  a  farm,  if  you  are  able  to  do  it,  by 
gravitation,  if  not,  by  pumping.  On  the 
farm  tanks  are  constructed  ;  as  a  rule, 
two  tanks,  the  one  being  merely  to  be 
used  while  the  other  is  cleaned  out. 
Tanks  are  considered  by  many  pc: 
as  not  specially  ne<-«—  ary,  but  they  are 
so,  both  for  the  separation  and  collection 
of  the  grosser  suspended  matters  and 
also  for  storing  the  night  sewage.  The 
sewage  is  run  out  from  one  of  the  tanks 
neither  from  the  top  nor  from  the  bot- 
tom. At  the  bottom  the  sediment  is 
allowed  to  deposit.  At  the  top  the  scum 
accumulates,  covers  over  the  surface  of 
the  liquid,  and  to  a  great  extent  dimin- 
ishes the  offensive  ordor.  The  sewage 
is  allowed  to  run  out  between  the  scum 
at  the  top  and  the  sediment  at  the  bot- 
tom. One  of  the  simplest  ways  of  effect- 
ing this  is  by  means  of  a  kind  of  flood- 
gate (such  as  one  you  may  see  at  Bren- 
ton's  farm,  near  Romford),  made  of 
pieces  of  board  slid  down  one  over  an 
other  ;  rings  are  fixed  to  the  sides  of 
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these  boards,  so  that  one  or  more  of 
them  may  at  any  time  be  lifted  a  little 
by  means  of  a  rod  with  hooks  at  the  end, 
and  then  the  sewage  will  run  out  through 
the  gap  made  ;  the  lower  part  of  the 
flood  gate  keeping  back  the  sludge,  and 
the  upper  boards  keeping  back  the  scum. 
The  sewage  flows  either  directly  into  the 
carriers,  or  when  it  has  to  be  pumped, 
into  the  pumping  well. 

To  take  the  sewage  on  to  the  land 
from  the  tanks,  you  may  use  concrete 
carriers,  as  they  are  the  easiest  made 
and  the  cheapest.  If  you  want  the  work 
to  look  particularly  well,  you  can  use 
brick-work,  or  earthenware,  at  the  Tun- 
bridge  Wells. 

If  the  carriers  have  to  be  lifted  above 
the  ground,  as  where  there  is  a  pumping 
station  on  the  farm  itself,  they  are  best 
made  of  sheet  iron,  supported  on  wooden 
tressels.  They  must  have  simple  taps 
which  can  be  opened  by  merely  taking 
out  a  plug. 

These  carriers  run  in  directions  which 
depend  upon  the  slope  of  the  land. 
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In  the  first  place,  I  may  tell  you  that 
the  best  sort  of  land  to  irrigate  is  flat 
land — quite  flat— and  then  that  wliirh 
gently  .slopes.  The  main  carriers  are  to 
run  at  right  angles  to  the  slopes  of  the 
land.  They  are  carried  under  the  roads 
by  means  of  inverted  syphons,  and  then 
the  land  is  divided  at  right  angles  to 
these  carriers  into  parallel  beds. 

I  am  now  describing  to  you  the  plan 
which  I  believe  to  be  the  best. 

The  land  is  arranged  in  ridges  and 
furrows,  the  crests  of  the  ridges  running 
at  right  angles  of  the  main  carriers  and 
down  the  middle  of  each  bed,  so  that 
each  bed  slopes  slightly  from  the  middle 
towards  each  side.  At  Bren ton's  Farm, 
where  you  can  see  the  plan  at  work, 
the  beds  are  30  feet  across.  Along  the 
top  of  the  ridge  there  is  run  a  minor 
carrier.  This  is  merely  a  groove  made 
along  the  crest  of  the  ridge  by  a  plough. 
The  taps  on  the  main  carriers  are  just 
opposite  to  the  beginning  of  these  minor 
carriers,  and  the  sewage  can  be  let  out 
of  the  taps  and  allowed  to  run  along  the 
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minor  carriers.  When  the  minor  car- 
rier is  full  the  sewage  overflows  and 
runs  over  the  bed  down  each  side  into 
the  furrows  between  it  and  the  adjacent 
bed.  It  may  be  allowed*  to  run  into  the 
minor  carrier  as  long  as  no  pounding 
occurs  in  the  furrow.  That  is  the  "  ridgcj 
and  furrow  plan." 

There  is  another  system  called  the 
"  catchrwater  system."  In  that  plan  the 
sewage  is  taken ^ih  carriers  along  con- 
tour lines.  The  carrier  along  the  higli 
contour  line  is  filled,  and  the  sewage 
stopped  at  a  particular  place  ;  it  over- 
flows and  runs  down  the  slope  of  the 
land  into  the  carrier  below.  You  can 
see  that  at  work  at  many  irrigation 
farms. 

There  is  a  variety  of  that  called  the 
"  pane  and  gutter""  system.  I  do  not 
know  that  I  need  explain  it  in  detail. 
The  land  is  divided  into  pieces  <  r 
"  panes,"  running  down  the  slope,  and 
at  right  angles  to  the  main  carriers,  and 
the  sewage  is  run  over  the  surface  of 
these  "  panes"  from  the  higher  carriers 
into  the  lower  ones. 
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Then-  ha**  been  for  a  lon^  time  at 
^lilan  :i  plan  of  simply  Hooding  the 
whole  of  tlic  land,  but  in  this  way 
marshes  are  produced.  Tin-  tir-t  obvious 
disadvantage  of  tin-  catch-water  and 
pane  and  gutter  plans  is  that  some  land 
much  more  than  tin*  rot  ;  because 
all  tip  that  flows  over  the  lowest 

level  of  a  bed  must  pass  over  the  whole 
bed  from  the  top.  If  the  land  below 
getfl  enough,  the  land  above  gets  too 
much,  besides  the  fact  that  the  lower 
beds  get  all  the  water  that  flows  off  the 
upper  ones.  On  the  other  hand,  with 
the  "  ridge-and-furrow "  system  I  de- 
scribed before,  you  can  just  allow  each 
particular  bit  exactly  the  amount  it 
wants. 

A  boy  goes  along  the  carrier,  turning 
on  and  off  the  taps  as  they  are  wanted, 
and  a  man  walks  up  and  down  the  ridges 
and  stops  the  sewage  at  intervals,  so 
that  it  overflows  the  minor  carrier  on 
each  side  and  runs  over  the  bed. 

Any  channels  that  convey  sewage  may 
be  open.  There  is  no  reason  whatever 
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for  covering  them  over.  The  loss  of 
ammonia,  <$jc.,  from  the  sewage  is  per- 
fectly inappreciable  even  after  a  passage 
for  a  very  long  time  through  the  open 
air,  as  proved  by  the  experiments  of  the 
Rivers'  Pollution  Commissioners.  You 
know  already  that  by  passing  it  through 
soil  sewage  can  be  purified.  Now,  a  IV NX- 
words  about  passing  it  over  the  surface 
of  the  soil.  The  Committee  of  the 
British  Association  have  made  experi- 
ments upon  this  very  point  ;  and  I  have 
comparisons  of  the  results  of  the  purifi- 
cation of  sewage  during  very  severe 
winter  weather  at  some  different  farms. 
Now  the  first  of  these  is  Beddingtou 
Farm,  Croydon.  Here  the  analysis 
showed  "that  the  nitrogen  that  is  lost 
on  this  farm  is  lost  for  the  most  part  in 
the  form  in  which  it  came  into  the  land, 
and  that  mere  surface  action  (which  is 
relied  on  here),  is  not  sufficient  to  cause 
the  oxydization  of  the  ammonia  and  or- 
ganic matters  contained  in  the  sewage. 
At  the  same  time  the  purification  effected 
was  certainly  very  considerable." 
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Then  airain,  tin-  effluent  water  at  the 
Norwood  farm  during  llic  severe  frost, 
practically  speaking,  aewige  con- 
taining nearly  half  the  amount  of  the 
ammonia  that  the  sewage  put  on  the 
farm  did.  It  contained  very  little  nitro- 
gen in  the  form  of  nitrates.  You  know 
I  told  you  that  the  main  action  of  a  fil- 
ter was  the  conversion  of  ammonia  and 
the  nitrogen  contained  in  organic  matters 
into  nitric  acid.  So  that  the  amount  of 
nitric  acid  in  effluent  water  is  a  test  of 
the  oxydizing  action  of  the  filter.  At 
the  same  time  the  analysis  of  the  effluent 
\\ater  at  Brenton's  Farm,  Romford, 
showed  that  the  purification  was  very 
satisfactory  indeed,  for  the  effluent 
water  only  contained  a  very  small  quan- 
tity of  actual  ammonia,  that  is  to  >ay, 
about  0.14  parts  in  100,000,  as  against 
5.6  contained  in  the  sewage,  and  of 
albuminoid  ammonia  only  0.059  parts 
remained  out  of  0.524  in  the  sewage, 
while  the  effluent  water  contained  no 
esa  than  1.2  parts  of  nitrogen  in  the 
form  of  nitrates  and  nitrite>. 
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In  winter,  when  little  action  of  vege- 
tation is  going  on,  mere  passage  over  the 
soil  will  not  purifiy  sewage  satisfactorily. 
The  effluent  water  which  goes  off  the 
land,  is,  to  all  intents  and  purposes  sew- 
age. On  the  other  hand,  there  is  a  per- 
fectly clear  proof,  that  during  winter  if 
you  pass  the  sewage  through  the  soil,  as 
at  Brenton's  Farm,  purification  goes  on 
just  the  same  as  at  any  other  time  of  the 
year  when  vegetation  is  growing. 

Even  during  the  summer  there  is  a 
risk  that  the  sewage  may  not  be  satis- 
factorily purified  where  the  catch-water 
principal  is  adopted.  This  happened  at 
IJi-igate,  where  the  sewage  was  passed 
over  one  iield  and  then  over  another,  and 
the  effluent  water  that  came  off  the  lower 
part  of  the  second  field  was  actualy  more 
impure  in  several  ways  than  that  which 
came  on  to  it  from  the  first  field  ;  that 
is  to  say,  that  this  second  field  was  to  a 
certain  depth  so  absolutely  saturated 
with  sewage,  that  the  water,  or  sewage, 
or  whatever  you  like  to  call  it  that  came 
from  the  first  field  actually  became 
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more  impure  the  further  it  went.  It  wa- 
in fact  made  stronger  by  the  amount  of 
e\  adoration  which  went  on,  and  is 
another  conclusive  proof  that  surface 
action  is  not  sufficient. 

These  results  seem  to  me  decisive  in 
favor  of  the  construction  of  irrigation 
farms  as  large  filters.  Then  we  come  to 
the  practical  point — that  it  is  therefore 
necessary  that  they  should  be  drained. 

On  this  head  the  British  Association 
Committee  express  the  following  opin- 
ion : — 

"  It  may  seem  almost  superfluous  for 
the  Committee  after  so  many  years  of 
general  experience  throughout  the  coun- 
try, to  argue  in  favor  of  the  subx-il 
drainage  of  naturally  heavy  or  naturally 
wet  land,  with  impervious  subsoil,  for 
the  purposes  of  ordinary  agriculture ; 
but  some  persons  have  strongly  and  re- 
peatedly called  in  question  the  necessity 
of  draining  land  when  irrigated  with 
sewage  ;  and  the  two  farms  at  Tunbridge 
Wells,  to  a  great  extent,  and  more  es- 
pecially the  Reigate  farm  at  Earlswood, 
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have  been  actually  laid  out  for  sewage 
irrigation  on  what  may  be  called  the 
'  saturation'  principal  ;  so  that  it  appears 
to  the  Committee  desirable  to  call  atten- 
tion to  the  fact,  that  if  drainage  is 
necessary  where  no  water  is  artificially 
applied  to  the  soil,  it  cannot  be  less 
necessary  after  an  addition  to  the  rain- 
fall of  100  or  200  per  cent.  But  a  com- 
parison of  the  analysis  of  different  sam- 
ples of  effluent  waters  which  have  been 
taken  by  the  Committee  from  open 
ditches  into  which  effluent  water  was 
overflowing  off  saturated  land,  and  from 
subsoil  drains  into  which  effluent  'water 
was  intermittently  percolating  through 
several  feet  of  soil,  suggests  grave 
doubts  whether  effluent  water  ought 
ever  to  be  permitted  to  escape  before  it 
has  percolated  through  the  soil." 

There  are  some  other  plans  that  have 
been  suggested  for  the  distribution  of 
sewage,  — one  is  by  means  of  the  ordi- 
nary agricultural  drainage.  That  is  ob- 
viously perfectly  absurd.  It  is  impos- 
sible to  imagine  that  sewage  could  be 
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)>iiritic<l  by  turning  it  into  agricultural 
drains  below  the  mots  of  the  plant-. 
Another  plan,  very  niiicli  advocated,  is 
to  conduct  it  in  pipes  just  out  of  reach 
of  the  plow,  ami  then  to  distribute'  it 
Over  tin-  land  and  plants  by  means  of 
and  jet.  The  thing  that  is  im- 
mensely against  this,  is  the  expense  from 
the  enormous  amount  of  labor ;  also, 
that  if  sewage  farms  are  not  to  be  (and 
they  certainly  need  not  be)  nuisance-,  it 
is  not  by  squirting  the  sewage  about 
that  we  shall  attain  that  object.  As  to 
the  flood  plan  which  is  pursued  at  Milan, 
I  do  not  think  I  need  say  more  than  two 
words  about  it.  It  is  perfectly  plain 
that  we  don't  want  to  make  sewage 
marshes,  at  any  rate  here.  There,  at 
Milan,  the  water  meadows  cause  ordi- 
nary marsh  fevers.  They  do  not  cause 
any  of  the  diseases  that  it  was  expected 
sewage  farms  would  cause  ;  they  do  not 
favor  in  any  way  such  diseases  as  chol- 
era or  typhoid  fever,  which  diseases  are 
spread  to  a  very  great  extent  by  means 
of  the  intestinal  evacuations  of  those 
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suffering  from  them.  I  think  perhaps 
as  I  have  gone  into  the  question  of  pub- 
lic health,  I  may  just  say  the  word  or 
two  that  I  have  to  say  upon  that  point. 
IjJo_not_;think  you  would  find  a  single 
ra-t-  definitely  proved  against  sewage 
farms  —  badly  conducted  as  many  of 
them  are — where  they  have  been  injuri- 
ous to  health,  except  in  this  way.  If 
water  that  contains  poison  from  sewage 
that  has  flown  over  the  land  and  that 
has  not  percolated  through  it,  if  that 
water  is  drunk,  it  is  very  likely  poison- 
ous. That  has  been  the  case  once  or 
twice.  The  farms  have  not  caused  by 
noxious  emanations  any  injury  to  the 
health  of  neighborhoods  where  they 
have  been  placed.  I  do  not  think  there 
is  the  slightest  evidence  to  show  that. 
Then  about  the  water  that  passes  from 
them.  It  is  said  that  in  certain  cases  it 
has  poisoned  the  wells  in  the  neighbor- 
hood. There  is  no  evidence  of  anything 
of  the  sort.  Where  these  cases  have 
been  inquired  into,  it  has  been  found 
that  the  wells  have  not  been  poisoned 
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from  the  sewage  farms,  Imt  by  foul  mat- 
ters f  nun  perfectly  different  sources.  It 
is  true  that  in  one  or  t.\v<»  rases  in  \\  hidi 
tlie  water  which  had  passed  over  the 
sewage-meadows  was  drunk,  a  certain 
numl»er  of  people  got  typhoid  fever. 
In  sewage-meadows  where  surface  action 
is  relied  upon  there  is  con>ideral»le  dan- 
ger that  the  overflow  of  the  channels 
should  be  mistaken  for  fresh  water. 
You  understand  that  when  a  sewage 
farm  is  a  large  filter,  and  the  effluent 
water  is  collected  in  subsoil  drains,  this 
water  is  perfectly  fit  to  drink.  I  can 
tell  you  of  a  sewage  farm  where  it  is 
usually  drunk  by  the  workmen.  There 
is  a  well  on  that  particular  farm,  the 
water  of  which  is  excellent,  and  there  is 
no  reason  why  it  should  not  be  so.  Our 
own  drinking  water  in  London,  and  in 
most  large  towns,  has  got  purified  from 
<ill  kinds  of  impurities  by  pa- 
through  gravel  and  sand.  Dr.  Angus 
Smith  tells  us  that  we  could  not  .drink 
rain-water  if  collected  from  the  clouds 
anywhere  near  to  large  towns  ;  it  would 
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be  too  foul,  and  would  have  to  be  passed 
through  soil  in  order  to  be  purified. 

Well  now,  the  last  point  that  I  have 
to  notice  in  connexion  with  the  public 
health  is  the  alleged  danger  from  the 
spread  of  entozoic  diseases  by  means  of 
sewage  irrigation.  Dr.  Cobbold,  the 
great  authority  upon  entozoa,  thinks 
that  if  sewage  farms  are  spread  much 
over  the  land,  we  shall  have  more  of  en- 
tozoic diseases,  and  that  deaths  from 
them  will  become  much  more  frequent, 
and  he  even  suggested  that  an  entozon 
which  is  very  fatal  in  some  parts  of 
Northern  Africa  (the  Bilharzia  haema- 
tobia)  might  become  prevalent  in  this 
country.  But  that  entozoon  is,  in  the 
first  place,  prevalent  in  those  countries 
especially  during  the  hot  seasons.  In 
the  second  place,  we  know  next  to  no- 
thing about  the  different  stages  it  goes 
through,  during  which  it  no  doubt  in- 
habits different  animals  (snails,  &c.)  ; 
and  lastly,  Dr.  Cobbold  himself  has 
shown  that  the  larva?  of  this  parasite 
cannot  live  in  impure  water.  So  we  may 
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ili>miss  that  at  once.  Then  with  ivj-ar-1 
to  ordinary  cnto/oa.  In  the  first  place, 
there,  is  no  sort  of  evidence  whatever  {<> 
show  that  they  have  been  spread  in 
cattle  at  farms  where  irrigation  has  been 
u;<>iiiir  on  for  200  years.  Professor  Chris- 
tion  has  distinctly  stated  that  he  has 
never  been  able  to  trace  entozoic  di 
to  the  Craigentinny  meadows  near  Edin- 
burgh, neither  is  there  evidence  that  this 
has  been  done  anywhere  else.  It  is  very 
easy  to  say  that  the  eggs  of  the  entozoa 
are  in  the  sewage  when  it  is  carried  on 
to  the  land,  and  that  the  larvae  will  be 
developed  as  soon  as  the  plants  are  eaten 
by  animals.  In  the  first  place,  you  must 
know  that  it  is  necessary  that  these  eggs 
should  be  living  and  fertilized  too,  and 
they  have  the  smallest  chance  of  living 
that  anything  can  possibly  have  by  the 
time  they  get  with  the  sewage  to  the 
land,  for  they  have  a  considerable  dis- 
tance to  go  before  they  get  to  the  farm; 
they  are  tossed  about  in  an  alkaline 
liquid,  their  natural  habitat  being  acid 
excretions  ;  they  are  turned  on  to  the 
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ground  and  taken  down  into  the  soil 
with  the  water.  However,  to  prevent 
any  apprehension  on  this  score  the  sim- 
plest thing  is  to  have  the  grass  cut  and 
carried  to  the  stalls,  and  not  to  graze 
animals  upon  it.  Many  of  the  best  irri- 
gationists  insist  upon  this. 

Some  investigations  of  this  matter 
were  made  by  the  British  Association 
Committee. 

"  An  ox  which  had  been  fed  for  the 
previous  22  months  entirely  on  sewage 
grown  produce"  was  slaughtered  and 
carcass  examined  by  Dr.  Cobbold,  Pro- 
fessor Marshall  and  myself  ;  no  trace  of 
any  entozoic  disease  was  found  in  it,  al- 
though most  carefully  looked  for.  ])r. 
Cobbold  suggests  several  reasons  for 
this  result,  and  one  of  these  is  the  free- 
dom of  the  sewage  farm  from  snails  and 
insects,  in  the  bodies  of  which  many  of 
these  entozoa  go  through  different  stages 
of  their  existence  ;  it  seems,  therefore, 
that  the  sewage  kills  those  creatures 
which  are  necessary  for  the  existence  of 
these  entozoa  in  their  different  stages. 
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Dr.  Cobbold  also  examine'!  under  the 
iiiin-oM-npe  portions  of  "flaky  vegetable 
tut  is,"  collected  from  the  sides  of  the 
minor  sewage  carriers,  and  found  that, 
although  they  contained  animal  as  well 
as  vegetable  life,  they  contained  "  no 
ova  of  any  true  entozoon."  So  that  you 
see  that  as  far  as  we  have  got  positive 
evidence  it  is  entirely  against  the  theory 
that  entozoic  diseases  are  spread  in  cat- 
tle, and  from  them  down,  by  means  of 
sewage  irrigation. 

Now  a  few  words  about  the  crops. 
The  most  suitable  crop  for  sewage  is 
Italian  rye  grass.  This  plant  will  take 
up  a  very  large  amount  of  sewage.  If 
you  read  the  reports  of  the  sewage  of 
Towns  Commissioners  you  will  find  the 
results  of  experiments  upon  the  amounts 
of  meadow  grass  grown  with  different 
quantities  of  sewage. 

There  was  an  average  increase  of  about 
4  tons  of  grass  for  each  thousand  tons 
of  sewage  applied  per  acre  :  the  maxi- 
mum amount  of  the  latter  being  about 
9,000  tons  per  acre  per  annum.  The 


largest  amount  was  about  33  tons  of 
green  grass  per  acre  in  one  year,  and  37 
tons  in  another.  Some  of'the  land  was 
not  supplied  with  sewage  at  all  ;  other 
parts  with  3,000,  6,000,  and  9,000  tons 
per  acre  per  annum.  The  increase  of 
produce  was  much  greater  with  the  first 
3,000  tons  of  sewage  than  it  was  when 
the  amount  was  increased  from  3,000  to 
6,000  tons,  and  more  from  3,000  to  6,000 
than  from  6,000  to  9,000.  So  that  the 
increased  amount  of  sewage  did  not  pro- 
duce a  proportionately  increased  amount 
of  produce.  The  increase  of  produce 
per  1,000  tons  of  sewage  was  wrhen  3,000 
tons  were  applied  about  5  tons  of  green 
grass,  when  6,000  tons  were  applied  4 
tons  2-J  cwt.,  and  wrhen  9,000  tons  were 
applied  3  tons  3j  cwt.  And  the  results 
given  by  Italian  rye  grass  showed  about 
the  same  increase  of  produce.  It  was 
also  found  that  an  earlier  cut  of  green 
grass  could  be  obtained  by  means  of 
sewage  irrigation. 

Experiments   were    made    about    the 
quality  as  well  as  about  the  quantity, 
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and  it  was  found  that  the  grass  contain- 
ed a  Miiallrr  actual  amount  of  dry  solid 
matters  when  grown  with  sewage,  but 
wa-  richer  in  nitrogi-n,  and  was,  in  fact, 
more  readily  assimilable  —  more  milk 
could  be  got  from  it. 

The  main  result  of  irrigation  farms 
must  be  the  feeding  of  cattle  and  the 
production  of  milk.  The  sewage  is 
turned  into  Italian  rye  grass,  and  is  re- 
turned to  the  town  from  which  the  sew- 
age has  come  as  milk,  butter,  cheese  and 
beef. 

Then,  if  Italian  rye  grass  can  In- 
grown, every  grass  and  almost  anything 
else  can  as  well.  You  will  see  that  denied 
even  to  this  day,  in  spite  of  the  fact  that 
almost  everything  else  has  been  grown 
with  it.  These  different  plants  can  be 
grown  upon  land  which  is  absolutely  and 
perfectly  valueless  in  an  agricultural 
point  of  view  without  sewage,  even  upon 
blowing  sea  sand,  and  you  can  see  in 
many  parts  of  England  excellent  crops 
now  growing  by  means  of  the  use  of 
this  rich  manure.  Cereals  can  be  grown 
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perfectly  well  with  considerable  returns. 
In  1868  and  1869  (at  Lodge  Farm,  Bark- 
ing), wheat,  winter  oats,  rye  and  cab- 
bages were  grown.  In  1868  wheat  was 
grown  on  a  slope  of  shingle.  It  had 
two  dressings  of  sewage  equal  to  450  or 
500  tons  in  all.  The  results  were  5  qr. 
3  bush.,  as  against  3  qr.  5  bush,  without 
sewage,  with  4j  loads  of  straw,  as  against 
3  to  the  acre.  The  winter  oats  yielded 
8  qr.  of  corn,  with  three  loads  of  straw 
to  the  acre.  Among  other  vegetables 
must  be  especially  mentioned  beet-root. 
From  experiments  which  have  been 
made  there  seems  very  little  doubt  that 
beet-root  can  be  grown  for  the  produc- 
tion of  sugar  in  almost  any  quantity. 
Professor  Yoelcker  has  analyzed  some 
of  the  beet-roots  grown  on  sewage,  and 
they  gave  13.19  per  cent,  of  sugar,  while 
the  beet-roots  from  Holland,  Suffolk  and 
Scotland,  only  gave  from  nine  to  ten  per 
cent,  of  it  at  the  outside. 

"Well,  now  a  word  or  two  about  the 
times  when  you  don't  want  sewage  on 
the  land.  There  may  be  times  when 
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you  don't  want  it  at  all — times  when  the 
sewage  is  too  diltite,  ami  tin-  laml  is  very 
wet,  as  during  heavy  floods  ;  ami  this  is 
a  very  strong  argument  for  keeping  the 
drainage  water,  properly  so  called,  out 
of  the  sewage,  the  utilization  of  se\\ 
is  thereby  rendered  very  much  easier. 
The  best  dilution  for  sewage  is  when  it 
represents  25  to  30  gallons  per  head  <>{' 
the  population.  If  you  keep  the  drain- 
age water  as  much  as  possible  separate, 
you  can  always  turn  it  into  it  as  a  dilu- 
ent when  more  water  is  wanted. 

The  amount  of  sewage  required  per 
acre  varies  much  with  different  crops  and 
with  different  soils,  but  it  is  usually  con- 
sidered that  the  sewage  of  from  35  to  40 
persons  is  sufficient  per  acre  on  the  aver- 
age, although  in  many  instances  much 
more  than  that  is  applied. 

On  every  sewage  farm  there  should  be 
a  piece  of  fallow  land  to  be  used  a<  a 
filter,  not  with  the  view  of  any  great  re- 
turn, but  simply  with  a  view  to  purify- 
ing the  sewage  whether  the  crop  on  that 
particular  Iari4  happens  to  want  it  or  not, 
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when  it  is  not  wanted  on  any  other  part 
of  the  farm. 

You  see,  then,  that  intermittent  down- 
ward filtration  through  soil  and  irriga- 
tion farming,  with  passage  of  the  liquid 
through  the  soil,  are  the  only  means  at 
present  known  for  purifying  sewage,  and 
these  may  be  well  continued,  with  some 
deodorizing  process,  which  will  prevent 
the  sludge  in  the  tanks  from  being  offen- 
sive, except  where  the  tanks  are  in  the 
open  country,  when  this  is  hardly  neces- 
sary ;  and  you  see  also  that  these  pro- 
cesses in  themselves  are  in  no  way  in- 
jurious to  the  health  of  the  neighbor- 
hood where  they  are  carried  on  ;  one  of 
them,  irrigation  farming,  with  the  con- 
dition mentioned  above,  also  affords  the 
only  method  known  by  which  the  valua- 
ble manurial  ingredients  dissolved  in 
sewage  can  be  utilized — can  be  turned 
into  wholesome  food  for  man  and  beast; 
and  it  is  therefore  for  you  in  those 
parts  of  the  world  in  which  you  may  be 
stationed,  and  where  you  will  have  to 
advise  on  such  matters,  to  use  your  in- 
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in  obtaining  tin-  adoption  of  the 
water-carriage  system,  as  before  de- 
scribed, in  connection  with  a  properly 
carried  out  plan  of  irrigation  farming. 

The  removal  of  waste  matters  is  the 
first  thing  to  consider,  their  utilization 
the  second  ;  where  you  have  both,  there 
you  are  best  able  to  compete  with  dis- 
ease and  death. 
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more  complex,  and  in  their  description  technicalities 
are  avoided  as  much  as  possible.  With  illustrations 
for  Drawing  Plans,  Sections,  and  Elevations  of  Rail- 
ways and  Machinery;  ah  Introduction  to  Isometrical 
Drawing,  and  an  Essay  on  Linear  Perspective  and 
Shadows.  Illustrated  with  over  200  diagrams  en- 
graved on  steel.  By  Wm.  Minifie,  Architect.  Sev- 
enth edition.  With  an  Appendix  on  the  Theory  and 

Application  of  Colors,     i  vol.  8vo,  doth $4  oo 

"It  is  the  best  work  on  Drawing  that  we  have  ever  seen,  and  is 
especially  a  text-book  of  Geometrical  Drawing  lor  the  use  of  Mechanics 
and  Schools.  No  young  Mechanic,  such  as  a  Machinists,  Engineer,  Cabi- 
uet-maker,  Millwright,  or  Carpenter,  should  be  without  it."— Scientific 
American. 

Geometrical  Drawing.     Abridged  from  the  octavo 

edition,  for  the  use  of  Schools.  Illustrated  with  48 
steel  plates.  Fifth  edition,  i  vol.  i2mo,  cloth....  200 

STILLMAN  (Paul.)  Steam  Engine  Indicator,  and  the 
Improved  Manometer  Steam  and  Vacuum  Gauges — 
their  Utility  and  Application.  By  Paul  Stillman. 
New  edition,  i  vol.  i2mo,  flexible  cloth i  oo 

SWEET  (S.H.)  Special  Report  on  Coal ;  showing  its 
Distribution,  Classification,  and  cost  delivered  over 
different  routes  to  various  points  in  the  State  of  New 
York,  and  the  principal  cities  on  the  Atlantic  Coast. 
By  S.  H.  Sweet.  With  maps,  i  vol.  8vo,  cloth 3  oo 

WALKER  (W.  H.)  Screw  Propulsion.  Notes  on 
Screw  Propulsion  :  its  Rise  and  History.  By  Capt. 
W.  H.  Walker,  U,  S.  Navy,  i  vol.  8vo,  cloth 75 

WARD  (J.  H.)  Steam  for  the  Million.  A  popular 
Treatise  on  Steam  and  its  Application  to  the  Useful 
Arts,  especially  to  Navigation.  By  J.  H.  Wand, 
Commander  U.  S.  Navy.  New  and  revised  edition, 
i  vol.  8vo,  cloth i  oo 

WEISBACH  (Julius).     Principles  of  the  Mechanics  of 
Machinery  and  Engineering.     By  Dr.  Julius  Weis-   < 
bach,  of  Freiburg.     Translated  from  the  last  German 
edition.    >  Vol.  I.,  8vo,  cloth 10  o« 
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DIEDRICH.  The  Theory  of  Strains,  a  Compendium 
for  the  calculation  and  construction  of  Bridges,  Hoofs, 
and  Cranes,  with  the  application  of  Trigonometrical 
Notes,  containing  the  most  comprehensive  informa- 
tion in  regard  to  the  Resulting  strains  for  a  petman- 
ent  Load,  as  also  for  a  combined  (Permanent  and 
Rolling)  Load.  In  two  sections,  adadted  to  there- 
quirements  of  the  present  time.  Hy  John  D'edrich, 
('.  £.  Illustrated  by  numerous  plates  and  diagrams. 
8vo,  doth 5  oo 

WILLIAMSON  (R.  S.)  On  the  use  of  the  Barometer  on 
Surveys  and  Reconnoissances.  Part  I.  Meteorology 
in  its  Connection  with  Hypsometry.  Part  II.  Baro- 
metric Hypsometry.  By  R.  S.  Wiliamson,  Bvt 
Lieut. -Col.  U.  S.  A.,  Major  Corps  of  Engineers. 
With  Illustrative  Tables  and  Engravings.  Paper 
No.  15,  Professional  Papers,  Corps  of  Engineers, 
i  vol.  4to,  cloth 1500 

POOK  (S.  M.)  Method  of  Comparing  the  Lines  and 
Draughting  Vessels  Propelled  by  Sail  or  Steam. 
Including  a  chapter  on  Laying  off  on  the  Mould- 
Loft  Floor.  By  Samuel  M.  Pook,  Naval  Construc- 
tor, i  vol.  8vo,  with  illustrations,  cloth 5  oo 

ALEXANDER  (J.  H.)  Universal  Dictionary  of 
Weights  and  Measures,  Ancient  and  Modern,  re- 
duced to  the  standards  of  the  United  States  of  Ame- 
rica. By  J.  H.  Alexander.  New  edition,  enlarged, 
i  vol.  8vo,  cloth 3  50 

WANKLYN.  A  Practical  Treatise  on  the  Examination 
of  Milk,  and  its  Derivatives,  Cream,  Butter  and 
Cheese.  By  J.  Alfred  Wanklyn,  M.  R.  C.  S.,  lamo. 
cloth *  oo 

RICHARDS'  INDICATOR.  A  Treatise  on  the  Rich- 
ards Steam  Engine  Indicator,  with  an  Appendix  by 
F.  W.  Bacon,  M.  E.  i8mo,  flexible,  cloth i  «• 
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POPE  Modern  Practice  of  the  Electric  Telegraph.  A 
Hand  Book  for  Electricians  and  operators.  By  Frank 
L.  Pope  Eighth  edition,  revised  and  enlarged,  and 

fully  illlustrated.     8vo,  cloth $2.00 

"There  i»  no  other  work  or  this  kind  in  the  Engllih  language  that  con- 
tains in  so  8 mall  acompaisso  much  piactlcal  iorormatioQ  in  the  appli- 
cation of  galvanic  electricity  to  telegraphy.  It  should  be  In  the  hundi  of 
ereryone  Interested  in  telegraphy,  or  Ihe  u»e  of  Batteries  for  other  pur- 
poses.' 

MORSE.  Examination  of  the  Telegraphic  Apparatus 
and  the  Processes  in  Telegraphy.  B>»  Samuel  F. 
Morse,  LL.D.,  U.  S.  Commissioner  Paris  Universal 
Exposition,  1867.  Illustrated,  8vo,  cloth $2  oo 

SABINE.  History  and  Progress  of  the  Flectric  Tele- 
graph, with  descriptions  of  some  of  the  apparatus. 
By  Robert  Sabine,  C  E  Second  edition,  with  ad- 
ditions, 121110,  cloth i  25 

BLAKE.  Ceramic  Art.  A  Report  on  Pottery,  Porce- 
lain, Tiles,  Terra  Cotta  and  Brick.  By  W.  P.  Blake. 
U.  S.  Commissioner,  Vienna  Exhibition,  1873.  8vo, 
cloth 2  oo 

BENET.  Electro-Ballistic  Machines,  and  the  Schultz 
Chronoscope.  By  Lieut -Col.  S.  V.  Benet,  Captain 
of  Ordnance,  U.  S.  Army.  Illustrated,  second  edi- 
tion, 410,  cloth 3  °° 

MICHAELI3.  The  Le  Boulenge  Chronograph,  with 
three  Lithograph  folding  plates  of  illustrations.  By 
Brevet  Captain  O.  E.  Michaelis,  First  Lieutenant 
Ordnance  Corps,  U.S.  Army,  410,  cloth 3  oo 

ENGINEERING  FACTS  AND  FIGURES  An 
Annual  Register  of  Progress  in  Mechanical  Engineer- 
ing and  Construction  for  the  years  1863,  64,  65,  66. 
67,  68.  Fully  illustrated,  6  vols.  i8mo,  cloth,  $2.50 
per  vol.,  each  volume  sold  separately 

HAMILTON".  Useful  Information  for  Railway  Men. 
Compiled  by  W.  G-  Hamilton,  Engineer.  Fifth  edi- 
tion, revised  and  enlarged,  562  pages  Pocket  form. 

Morocco,  gilt 2  oo 
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STUART.  The  Civil  and  Military  Engineers  of  Amer- 
ica. By  Gen.  C.  B.  Stuart.  With  9  finely  executed 
portraits  of  eminent  engineers,  and  illustrated  by 
engravings  of  some  of '.he  most  important  works  con- 
structed in  America.  8vo,  cloth $5  oo 

STONEY.  The  Theory  of  Strains  in  Girders  and  simi- 
lar structures,  with  observations  on  the  application  of 
Theory  to  I'-actice,  and  Tables  of  Strength  and  other 
properties  of  Materials.  By  Bmdon  B.  Stoney,  B.  A. 
New  and  revised  edition,  enlarged,  with  numerous 
engravings  on  wood,  by  Oldham.  Royal  8vo,  664 
pages.  Complete  in  one  volume-  8vo,  cloth 12  50 

SHREVE.  A  Treatise  on  the  Strength  of  Bridges  and 
Roofs.  Comprising  the  determination  of  Algebraic 
formulas  for  strains  in  Horizontal,  Inclined  or  Rafter, 
Triangular,  Bowstring,  Lenticular  and  other  Trusses, 
from  fixed  znd  .noving  loads,  with  practical  applica- 
tions and  examples,  for  the  use  of  Students  and  Engi- 
neers. By  Samuel  H.  Shreve,  A.  M.,  Civil  Engineer. 
87  wood  cut  illustrations.  8vo,  cloth 5  oo 

MERRILL.  Iron  Truss  Bridges  for  Railroads.  The 
method  of  calculating  strains  in  Trusses,  with  a  care- 
ful comparison  of  the  most  prominent  Trusses,  in 
reference  to  economy  in  combination,  etc.,  etc.  By 
Brevet.  Col.  William  E.  Merrill,  U  S.  A.,  Major 
Corps  of  Engineers,  with  nine  lithographed  plates  of 
Illustrations.  410,  cloth 500 

WHIPPLE.  An  Elementary  and  Practical  Treatise  on 
Bridge  Building.  An  enlarged  and  improved  edition 
of  the  author's  original  work.  By  S.  Whipple,  C.  E  , 
inventor  of  the  Whipple  Bridges,  &c  Illustrated 
8vo,  cloth 4  oo 

THE  KANSAS  CITY  BRIDGE.  With  an  account 
of  the  Regimen  of  the  Missouri  River,  and  a  descrip- 
tion of  the  methods  used  for  founding  in  that  River. 
ByO  Chanute.  Chief  Engineer,  and  George  Morri- 
son, Assistant  Engineer.  Illustrated  with  five  litho- 
graphic views  and  twelve  plates  of  plans.  4to»  cloth,  6  oo 
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MAC  CORD.  A  Practical  Treatise  on  the  Slide  Valve 
by  Eccentrics,  examining  by  methods  the  action  of  the 
Eccentric  upon  the  Slide  Valve,  and  explaining  the 
Practical  processes  of  laying  out  the  movements, 
adapting  the  valve  for  its  various  duties  in  the  steam 
engine.  For  the  use  of  Engineers,  Draughtsmen, 
Machinists,  and  Students  of  Valve  Motions  in  gene- 
ra .  ByC.  W.  Mac  ford,  A.  M;,  Professor  of  Me- 
chanical Drawing,  Stevens'  Institute  of  Technology, 
Hoboken,  N.  J.  Illustrated  by  8  full  page  copper- 
plates. 410,  cloth $400 

KIRKWOOD.  Report  on  the  Filtration  of  River 
Waters,  for  the  supply  of  cities,  as  practised  in 
Europe,  made  to  the  Board  of  Water  Commissioners 
of  the  City  of  St.  Louis.  By  James  P.  Kirkwood. 
Illustrated  by  30  double  p'ate  engravings.  410,  cloth,  15  oo 

PLATTNER.  Manual  of  Qualitative  and  Quantitative 
Analysis  with  the  Blow  1  ipe.  From  the  last  German 
edition,  revised  and  enlarged  By  Prof.  Th.  Richter, 
of  the  Royal  Saxon  Mining  Academy.  Translated 
by  Prof.  H.  B.  Cornwall,  Assistant  in  the  Columbia 
School  of  Mines,  New  York  assisted  by  John  H. 
Caswell.  Illustrated  with  87  wood  cuts,  and  one 
lithographic  plate.  Second  edition,  revised,  560 
pages,  Svo,  cloth 7  50 

PLYMPTON.  The  Blow  Pipe.  A  Guide  to  its  Use 
in  the  Determination  of  Salts  and  Minerals.  Com- 
piled from  various  sources,  by  George  W.  Plympton, 
C  E.  A.  M.,  Professor  of  Physical  Science  in  the 
Polytechnic  Institute,  Brooklyn,  New  York,  12010, 
cloth i  SO 

PYNCHON.  Introduction  to  Chemical  Physics,  design- 
ed for  the  use  of  Academies,  Colleges  and  High 
Schools.  Illustrated  with  numerous  engravings,  and 
containing  copious  experiments  with  directions  for 
preparing  them.  By  Thomas  Ruggles  Pynchon, 
M.  A.,  Professor  of  Chemistry  and  the  Natural  Sci- 
ences, Trinity  College,  Hartford  New  edition,  re- 
vised and  enlarged,  and  illustrated  by  269  illustrations 

on  wood.     Crown,  Svo.  cloth 3  °° 
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ELIOT  AND  STORER.  A  compendious  Manual  of 
Qualitative  Chemical  Analysis.  By  Charles  W. 
Eliot  and  Frank  H.  Storer.  Revised  with  the  Co- 
operation of  the  authors.  By  William  R.  Nichols, 
Professor  of  Chemistry  in  the  Massachusetts  Insti- 
tute of  Technology  Illustrated,  1 2mo,  cloth. $i  5* 

RAMMELSBERG.  Guide  to  a  course  of  Quantitative 
Chemical  Analysis,  especially  of  Minerals  and  Fur- 
nace Products.  Illustrated  by  Kxamples  By  C.  F- 
Ramroalsberg.  Translated  by  J.  Towler,  M.  D. 
8vo,  cloth 2  23 

EGLESTON.  Lectures  on  Descriptive  Mineralogy,  de- 
livered at  the  School  of  Mines.  Columbia  College. 
By  Professor  T.  Egleston.  Illustrated  by  34  Litho- 
graphic Plates.  8vo,  cloth 45° 

JACOB.  On  the  Designing  and  Construction  of  Storage 
Reservoirs,  with  Tables  and  Wood  Cuts  representing 
Sections,  &c.,  i8mo,  boards 5° 

WATT'S  Dictionary  of  Chemistry  New  and  Revised  . 
edition  complete  in  6  vols  8vo  cloth,  $62.00  Sup-  v 
plementary  volume  sold  separately.  Price,  cloth. . .  9  oo 

RANDALL.  Quartz  Operators  Hand-Book.  By  P.  M- 
Randall.  New  edition,  revised  and  enlarged,  fully 
illustrated,  izmo,  cloth  200 

SILVERSMITH.  A  Practical  Hand-Book  for  Miners. 
Metallurgists,  and  Assayers,  comprising  the  most  re- 
cent improvements  in  the  disintegration  amalgama- 
tion, smelting,  and  parting  of  the  i  recious  ores,  with 
a  comprehensive  Digest  of  the  Mining  Laws.  Greatly 
augmented,  revised  and  corrected.  By  Julius  Silver- 
smith. Fourth  edition.  Profusely  illustrated.  i2mo, 
cloth 3  oo 

THE  USEFUL  METALS  AND  THEIR  ALLOYS, 
including  Mining  Ventilation,  Mining  Jurisprudence, 
and  Metallurgic  Chemistry  employed  in  the  conver- 
sion of  Iron,  Copper,  Tin,  Zinc,  Antimony  and  Lead 
ores,  with  their  applications  to  the  Industrial  Arts. 
By  Scofrren,  Truan,  Clay,  Oxland,  Fairbairn,  and 

•thers.     Fifth  edition,  half  calf 375 
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JOYNSON.  The  Metals  used  m  construction,  Iron, 
Steel,  Bessemer  Metal,  etc.,  etc.  By  F.  H.  Joynson. 
Illustrated,  ismo,  cloth $o  74 

VON  COTTA.  Treatise  on  Ore  Deposits.  By  Bern- 
hard  Von  Cotta,  Professor  of  Geology  in  the  Royal 
School  of  Mines,  Freidberg,  Saxony.  Translated 
from  the  second  German  edition,  by  Frederick 
Prime,  Jr.,  Mining  Engineer,  and  revised  by  the  au- 
thor, with  numerous  illustrations.  8vo,  cloth. 4  oo 

GREENE.  Graphical  Method  for  the  Analysis  of  Bridge 
Trusses,  extended  to  continuous  Girders  and  Draw 
Spans.  By  C.  K.  Greene,  A.  M.,  Prof,  of  Civil  Engi- 
neering, University  of  Michigan.  Illustrated  by  3 
folding  plates,  8vo,  cloth 2  oo 

BELL.  Chemical  Phenomena  of  Iron  Smelting.  An 
experimental  and  practical  examination  of  the  cir- 
cumstances which  Determine  the  capacity  of  the  Blast 
Furnace,  The  Temperature  of  the  air,  and  the 
proper  condition  of  the  Materials  to  be  operated 
upon.  By  1.  Lowthian  Bell.  8vo,  cloth 6  ao 

ROGERS.  The  Geology  of  Pennsylvania.  A  Govern- 
ment survey,  with  a  general  view  of  the  Geology  of 
the  United  States,  Essays  on  the  Coal  Formation  and 
its  Fossils,  and  a  description  of  the  Coal  Fields  of 
North  America  and  Great  Britain.  By  Henry  Dar- 
win Rogers,  late  State  Geologist  of  Pennsylvania, 
Splendidly  illustrated  with  Plates  and  Engravings  in 
the  text.  3  vols  ,  410,  cloth,  with  Portfolio  of  Maps.  30  oo 

BURGH.  Modern  Marine  Engineering,  applied  to 
'Paddle  and  Screw  Propulsion.  Consisting  of  36 
colored  plates,  259  Practical  Wood  Cut  Illustrations, 
and  403  pages  ot  descriptive  matter,  the  whole  being 
an  exposition  of  the  present  practice  of  James 
Watt  &  Co.,  J-  &  G.  Rennie,  R.  Napier  &  Sons, 
and  other  celebrated  firms,  by  N.  P.  Burgh,  Engi- 
neer, thick  4to,  vol.,  doth,  $25.00;  half  mor. 30  oo 

CHURCH.    Notes  of  a  Metallurgical  Journey  in  Europe. 

By  J.  A.  Church,  Engineer  of  Mines,  8vo,  cloth 2  oo 
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BOCTRNK.  Treatise  on  the  Steam  Engine  in  its  various 
applications  to  Mines,  Mills,  Steam  Navigation, 
Railways,  and  Agriculture,  with  the  theoretical  in- 
vestigations respecting  the  Motive  Power  of  Heat, 
and  the  proper  proportions  of  steam  engines.  Elabo- 
rate tables  of  the  right  dimensions  of  every  part,  and 
Practical  Instructions  for  the  manufactur'  and  man- 
agement of  every  species  of  Engine  in  actual  use. 
By  John  Bourne,  being  the  ninth  edition  of  "  A 
Treatise  on  the  Steam  Engine,"  by  the  "  Artizan 
Club."  Illustrated  by  38  plates  and  546  wood  cuts. 
4to,  cloth $IS  oo 

STUART.  The  Naval  Dry  Docks  of  the  United 
Slates.  By  Charles  13.  Stuart  late  Engineer-in-Chief 
of  the  U.  S.  Navy.  Illustrated  with  24  engravings 
on  steel.  Fourth  edition,  cloth 600 

ATKINSON.     Practical  Treatises  on  the   Gaaes  met 

with  in  Coal  Mines.     i8mo,  boards 50 

FOSTER.      Submarine   Blasting  in    Boston    Harbor, 
Massachusetts.      Removal  of  Tower  and    Corwin     i 
Rocks.     By  J.  G.  Foster,  Lieut -Col.  of  Engineers, 
U.    S.   Army.     Illustrated  with  seven  plates,  410, 
cloth 3  50 

BARNES  Submarine  Warfare,  offensive  and  defensive, 
including  a  discussion  of  the  offensive  Torpedo  Sys- 
tem, its  effects  upon  Iron  Clad  Ship  Systems  and  in- 
fluence upon  future  naval  wars.  By  Lieut -Com- 
mander J.  S.  Barnes,  U.  S.  N.,  with  twenty  litho- 
graphic plates  and  many  wood  cuts.  8vo,  cloth 5  oo 

HOLLEY.  A  Treatise  on  Ordnance  and  Armor,  em- 
bracing descriptions,  discussions,  and  professional 
opinions  concerning  the  materials,  fabrication,  re- 
quirements, capabilities,  and  endurance  of  European 
and  American  Guns,  for  Naval,  Sea  Coast,  and  Iron 
Clad  Warfare,  and  their  Rifling,  Projectiles,  and 
Breech- Loading ;  also,  results  of  experiments  against 
armor,  from  official  records,  with  an  appendix  refer- 
ring to  Gun  Cotton,  Hooped  Guns,  etc.,  etc  By 
Alexander  L.  Holley,  B.  P.,  948  pages,  493  engrav- 
ings, and  147  Tables  of  Results,  etc.,  8vo,  half  roan.  10  oo 
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S I MMS.  A  Treatise  on  the  Principles  and  Practice  of 
Levelling,  showing  its  application  to  purposes  of 
Railway  Engineering  and  the  Construction  of  Roads, 
&c  By  Frederick  W.  Simms,  C.  E.  From  the  sth 
London  edition,  revised  and  corrected,  with  the  addi- 
tion of  Mr.  Laws's  Practical  Examples  for  setting 
out  Railway  Curves.  Illustrated  with  three  Litho- 
graphic plates  and  numerous  wood  cuts  8vo,  cloth.  $2  50 

BURT.  Key  to  the  Solar  Compass,  and  Surveyor's 
Companion ;  comprising  all  the  rules  necessary  for 
use  in  the  field;  also  description  of  the  Linear  Sur- 
reys and  Public  Land  System  of  the  United  States, 
Notes  on  the  Barometer,  suggestions  for  an  outfit  for 
a  survey  of  four  months,  etc  By  W.  A.  hurt,  U.  S. 
Deputy  Surveyor.  Second  edition.  Pocket  book 
form,  tuck *  50 

THE  PLANE  TABLE.  Its  uses  in  Topographical 
Surveying,  from  the  Papers  of  the  U.  S.  Coast  Sur- 
vey. Illustrated,  8vo,  cloth a  «o 

•;  Tills  worK  gives  a  description  of  the  Plane  Table,  employed  at  Ui« 

U.  S.  Coast  ^nirvey  office,  «nj  the  mauner  of  uiing  it." 

JEFFER'S.  Nautical  Surveying  By  W.  N.  Jeffers, 
Captain  U-  S.  Navy.  Illustrated  with  9  copperplates 
and  31  wood  cut  illustrations.  8vo,  cloth. 5  oo 

CHAUVENET.  New  method  of  correcting  Lunar  Dis- 
tances, and  improved  method  of  Finding  the  error 
and  rate  of  a  chronometer,  by  equal  altitudes.  By 
\V.  Chauvenet,  LLD.  8vo,  doth 200 

BRUNNOW.  Spherical  Astronomy.  By  F.  Brunnow, 
1  'h.  Dr.  Translated  by  the  author  from  the  second 
German  edition.  8vo,  cloth 6  jo 

PEIRCE.  System  of  Analytic  Mechanics.  By  Ben- 
jamin Peirce.  4to,  cloth xooo 

COFFIN.  Navigation  and  Nautical  Astronomy.  Pre- 
pared for  the  use  of  the  U.  S.  Naval  Academy.  By 
Prof.  J.  H.  C.  Coffin.  Fifth  edition.  52  wood  cut  illus- 
trations, izmo,  cloth 350 
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CLARK.  Theoretical  Navigation  and  Nautical  Astron- 
omy. Hy  Lieut.  Lewis  Clark,  U.  S.  N.  Illustrated 
with  41  wood  cuts.  8vo,  cloth $3  oo 

HASKINS.  The  Galvanometer  and  its  Uses.  A  Man- 
ual for  Electricians  and  Students.  Hy  C.  H.  Has- 
kins.  isrno,  pocket  form,  morocco.  ( In  press) 

GOUGE.  New  System  of  Ventilation,  which  has  been 
thoroughly  tested,  under  the  patronage  ot"  many  dis- 
tinguished persons.  Hy  Henry  A.  Gouge.  With 
many  illustrations.  Svo,  cloth 200 

BECK  WITH.  Observations  on  the  Materials  and 
Manutacture  of  Terra-Cotta,  Stone  Ware,  Fire  Brick, 
Porcelain  and  Encaustic  Tiles,  with  remarks  on  the 
products  exhibited  at  the  London  International  Exhi- 
bition, 1871.  By  Arthur  Beckwith,  C.  E.  Svo, 
paper 60 

MORFIT.  A  Practical  Treatise  on  Pure  Fertilizers,  and 
the  chemical  conversipn  of  Rock  Guano,  Marlstones, 
Coprolites  and  the  Crude  Phosphates  of  Lime  and 
Alumina  generally,  into  various  valuable  products- 
By  Campbell  Morfit,  M.D.,  with  28  illustrative  plates, 
Svo,  cloth 20  oo 

BARNARD.  Tne  Metric  System  of  Weights  and 
Measures.  An  address  delivered  before  the  convoca- 
tion of  the  University  of  the  State  of  New  York,  at 
Albany,  August,  1871.  By  F.  A  P.  Barnard,  LL.D., 
President  of  Columbia  College,  New  York.  Second 
edition  from  the  revised  edition,  printed  for  the  Trus- 
tees of  Columbia  College.  Tinted  paper,  Svo,  cloth  3  oo 

•  Report  on  Machinery  and  Processes  on  the  In- 
dustrial Arts  and  Apparatus  of  the  Exact  Sciences. 
By  F.  A.  P.  Barnard,  LL.D.  Paris  Universal  Ex- 
position, 1867.  Illustrated,  Svo,  cloth 5  oo 

ALLAN.  Theory  of  Arches.  By  Prof.  W.  Allan,  for- 
merly of  Washington  &  Lee  University,  1 8mo,  b'rds  50 
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MYER.  Manual  of  Signals,  for  the  use  of  Signal  officers 
in  the  Field,  and  for  Military  and  Naval  Students, 
Military  Schools,  etc  A  new  edition  enlarged  and 
illustrated  By  Brig  General  Albert  J.  Myer,  Chief 
Signal  Officer  of  the  army,  Colonel  of  the  Signal 
Corps  during  the  War  of  the  Rebellion.  121110.  48 
plates,  full  Roan $5  oo 

WILLIAMSON.  Practical  Tables  in  Meteorology  and 
Hypsometry,  in  connection  with  the  use  of  the  Bar- 
ometer. By  CoL  R.  S.  Williamson,  U.  S-  A.  410, 
doth 2  50 

CLEVENGER.  A  Treatise  on  the  Method  of  Govern- 
ment Surveying,  as  prescribed  by  the  U.  S.  Congress 
and  Commissioner  of  the  General  Land  Office,  with 
complete  Mathematical,  Astronomical  and  Practical 
Instructions  for  the  Use  of  the  United  States  Sur- 
veyors in  the  Field.  By  S.  R.  Clevenger,  Pocket 
Book  Form,  Morocco 2  50 

PICKERT  AND  METCALF.  The  Art  of  Graining. 
How  Acquired  and  How  Produced,  with  description 
of  colors,  and  their  application.  By  Charles  Pickert 
and  Abraham  Metcalf.  Beautifully  illustrated  with 
42  tinted  plates  of  the  various  woods  used  in  interior 
finishing.  Tinted  paper,  410,  cloth 10  oo 

HUNT.  Designs  for  the  Gateways  of  the  Southern  En- 
trances to  the  Central  Park.  By  Richard  M.  Hunt. 
With  a  description  of  the  designs.  4to.  cloth 5  oo 

LAZELLE.  One  Law  in  Nature.  .By  Capt.  H.  M. 
Lazelle,  U.  &  A.  A  new  Corpuscular  Theory,  com- 
prehending Unity  of  Force,  Identity  of  Matter,  and 
its  Multiple  Atom  Constitution,  applied  to  the  Physi- 
cal Affections  or  Modes  of  Energy.  i2mo,  cloth. ..  x  50 

CORFIELD.  Water  and  Water  Supply.  By  W.  H. 
Corfield,  M.  A.  M,  D.,  Professor  of  Hygiene  and 
Public  Health  at  University  College,  London.  i8mo, 
boards 50 
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BOYNTON.  History  of  West  Point,  its  Military  Im- 
portance during  the  American  Revolution,  and  the 
Origin  and  History  of  the  U.  S.  Military  Academy. 
By  Bvt  Major  C.  E.  Boynton,  A.M.,  Adjutant  of  the 
Military  Academy.  Second  edition,  416  pp.  8yo, 
printed  on  tinted  paper,  beautifully  illustrated  with 
36  maps  and  fine  engravings,  chiefly  from  photo- 
graphs taken  on  the  spot  by  the  author.  Extra 
cloth $3  j$® 

WOOD.  West  Point  Scrap  Book,  being  a  collection  of 
Legends,  Stories,  Songs,  etc..  of  the  U  S.  Military 
Academy.  Ky  Lieut  O.  E.  Wood,  U-  S.  A.  ,  Illus- 
trated by  69  engravings  and  a  copperplate  map. 
Beautifully  printed  on  tinted  paper.  8vo,  cloth 5  oo 

WEST  POINT  LIFE.  A  Poem  read  before  the  Dia- 
lectic .Society  of  the  United  States  Military  Academy. 
Illustrated  with  Pen-and-ink  Sketches.  By  a  Cadet 
To  which  is  added  the  song,  "  Benny  Havens,  oh  1" 
oblong  8vo,  21  full  page  illustrations,  cloth 2  50 

GUIDE  TO  WEST  POINT  and  the  U.  S.  Military 
Academy,  with  maps  and  engravings,  i8mo,  blue 
cloth,  flexible i  oo 

HENRY.  Military  Record  of  Civilian  Appointments  in 
the  United  States  Army  By  Guy  V.  Henry,  Brevet 
Colonel  and  Captain  First  United  Stales  Artillery, 
Late  Colonel  and  Brevet  Brigadier  General,  United 
States  Volunteers.  Vol.  i  now  ready.  VoL  2  in 
press.  8vo,  per  volume,  cloth 500 

HAMERSLY.  Records  of  Living  Officers  of  the  U. 
S.  Navy  and  Marine  Corps.  Compiled  from  official 
sources.  By  Lewis  B.  Hamersly,  late  Lieutenant 
U.  S.  Marine  Corps.  Revised  edition,  8vo,  cloth...  5  oo 

MOORE.  Portrait  Gallery  of  the  War.  Civil,  Military 
and  Naval.  A  Biographical  record,  edited  by  Frank 
Moore.  60  fine  portraits  on  steel.  Royal  8vo, 
cloth 6  oo 
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No.  66.— THE  ACTUAL  LATKKAL  I'H  KARTH- 

WORK.     By  Hrnj.  »ar  C.  E. 

No    :,7.     INCANDESCENT  ELECTOR    1. 1'. UTS,    By  Con 

Th.  Du  Moncel  and  Wm.  Henry  Preece.  2d  Edition. 

No.  58.-THE  VENTILATION  OF  COAL   MINES.     By   W. 
Fairley,  M.  K.,  I 

No.  r.9.    RAILROAD    ECONOMICS;  or  Notes,   with    Com- 
in.'nts.     By  S.  W.  Robinson,  C.  E. 

No.  GO.     STRENGTH  OF  WROUGHT  IRON  BRIDGE  MEM- 
BERS.    By  8.  W.  Robinson.  C.  E. 

No.  61.— POTABLE  WATER,  and  the  Different  Method- 
Detecting  Impurities.    ByChas.  W.  Folkard. 

No.  62. -THE  THEORY  OF  THE  GAS  ENGINE.     Bv  DujraM 
Clerk. 

No.  M.     HOUSE    DRAINAGE    AND    SANITARY    PLIMH 
INt;.     By  W.  P.  Gerhard,     ^'d  Edition. 

No.  64.— ELECTRO  MAfiNETS.     ByTh.  du  Monct-1. 
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DECIMALS. 

No.  66.-DYNAMO-ELECTRIC  MACHINERY.     By  Silvanus 
P.  Thompson. 
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No.  72.— TOPOGRAPICAL  S l'I I V  !•: Y I  \ < ;     By  Geo.  J.  - 

IW.  A.  S.  Hanly.  John  I1..   McMaster  :ni.i 

Walling. 

No.  73.-SYMBOLIC  ALGKURA  ;  or  The  Al-ebr, 

Numbers,     r.y  I'n.i.  \v    Cain. 
No.  74.-TESTiN<i  M.\«  UINKS;  their  History,  Conitruction 

and  I'se.      I!y  Arthur  V.  Abbott. 
No.  75.-RECENT PROGRESS  IN  DVNAMo   KLK<  TKH    M  A 

CHINES.     Being  a  Supplement  to  Dynuni. 

trie  Machinery.     By  I'n>t'.  siivanu*  IV  Thompson. 

NO.  ?<•>.-  MODERN    REPRODUCTIVE   (.KAPIIH     i'u«> 

By  Lt.  Jas.  S.  Pettit,  U.  S.  A. 
No.  77.-STADIA     Sl'RVKYING.       Tlu>    Th.-ory    of    Stadia 

Measurements.    By  Arthur  Window. 
No.  78.-THE  STKAM    ENGINE  I \DICATOR,  and  ii 

By  W.  ]{.  L<-  Van. 
o.  79.— TIIK    KKil'in-:    OF    THE   EARTH.     By  Frank    (' 

Roberts,  C.  K. 
No.  80.-HEALTHY    FOUNDATIONS    FOR    HOUSKS.      By 

Glenn  Brown. 
No.  81.— WATER  METERS:  Comparati  ve  Tests  of  Ace  ura-y, 

Delivery,  etc.    JMstinrtivr  Peatorea  of  tlie  \\Orth 

ington,  Kennedy,  Siemens  and  Hesse  Meters.    By 

Ross  E.  Browne. 
No.  82.— THE  PRESERVATION  OF   TIMBER,  by   tin-  use 

of  Antiseptics.    By  Samuel  Bagster  Boulton,  C.E. 
No.  83.— MECHANICAL    INTEGRATORS.    By  Prof.  Henry 

S.  H.  Shaw,  C.E. 
No.  84.— FLOW  OF  WATER  IN  OPEN  CHAXNKI.S,  PIPES, 

CONDUITS,    SEWERS,   &c.  ;    with   Talilt-> 

P.  J.  Flynn,  C.  E. 
No.  85.-THE  LUMINIFEROUS  AETHER.    By  Prof .  !>.-  Vol 

son  Wood. 
No.  86.-HANDBOOK    OF    MINERALOGY ;    Determination 

and  Description  of  Minerals  found  in  the  United 
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